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One of three identical C-E units installed in the boiler plant 
of a large steel mill. The capacity of each is 275,000 lb of steam 
per hr. Design pressure 550 psi. Total steam temperature 760 F. 
All are fired with blast furnace gas. 


STEEL PRODUCTION 








™ an example of what reliable steam genera- 
tion is contributing to the war effort expressed in 
terms of steel production. It’s the record of the boiler 
plant in a large steel mill where three C-E steam gen- 
erating units are installed. In a year of service, up to 
October, 1943, the combined use factor of the com- 
plete installation was 94.2%. 

During this period the total output of the three units 
was approximately 5,000,000,000 lb of steam which 
establishes a use capacity factor of 76°/e. In other 
words, the three C-E units were called upon to pro- 
duce the equivalent of % of their maximum con- 
tirruous hourly rating for the entire 12 months. 

The response of this C-E equipment parallels the 
performance of many other C-E units in all types of war 
industries which are surpassing all previous concepts 
of production. Such a period of intensified operation 
serves to emphasize the factors of design and construc- 
tion which are responsible for the reliable war-time 


performance of C-E steam generating equipment. 
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11 Boilers 
11 Flowmatics 


IN] 49) A\4) the Wyman-Gordon Company, Ingalls- 
@ Shepard Division, Harvey, Ill., installed 
their first Flowmatic Regulator. Confronted with the problem 
of maintaining close boiler water level control in spite of 
severe load fluctuations produced by forging operations, 
they found Flow aatic to be the correct solution. As Mr. Max 
R. Boye, Chief Engineer of the Power Plant, has remarked on 
the return card of our routine check-up, the score is now 
11 Boilers, 11 Copes Flowmatic Regulators. 
Proved performance of this kind accounts for the remark- 
able record of more than 825 Copes Flowmatic installations 
since its introduction only 5 years ago. 


The Copes Flowmatic Regulator offers a simple 
reliable means of maintaining exacting feed water 
control geared to the requirements of modern boiler 
design. It is especially valuable on installations 
subject to severe load fluctuations. For details, 
write for Bulletin 429-A. 


NORTHERN EQUIPMENT COMPANY & 146 Grove Drive, Erie, Pa. 
Feed Water Regulators « Pump Governors « Differential Valves + Liquid Level Controls » Reducing Valves and Desuperheaters 
BRANCH PLANTS IN CANADA, ENGLAND e REPRESENTATIVES EVERYWHERE 
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EFDITORIAL 





“Waste Chasers” 


According to the Office of War Information, although 
the maximum rate of production in most war matériel 
has now been attained and an actual reduction in certain 
schedules has been effected, the total war output for the 
present year is likely to exceed that of 1943 by as much 
as seventeen per cent. At the same time construction 
has progressively declined and there now exists an excess 
of some materials over war requirements which will be 
available for civilian products. These factors indicate 
increased power consumption which, in turn, will be 
reflected in greater fuel demands. 

On the other hand, coal production has fallen short of 
the anticipated figures and the amount of coal in storage 
was substantially reduced as a result of strikes last year. 

The Bureau of Mines is attempting to cope with this 
situation by establishing a fuel efficiency program, 
involving fuels of all kinds, with which consumers are 
being urged to cooperate. A National Fuel Efficiency 
Council of twelve engineers, prominent in the field of 
fuel utilization, has been appointed to advise and co- 
ordinate the work of regional engineers in various cities. 

It has been announced by the Bureau that industrial 
and commercial plants which offer the greatest oppor- 
tunities for economies will be considered first. Follow- 
ing a survey of each such plant by the regional engineers, 
the management is to be asked to pledge its support 
to the campaign and to designate a “‘waste chaser” who 
shall be given assistance by fuel specialists whenever 
necessary. To stimulate interest in the plan it is con- 
templated later to make awards of merit where the 
results warrant. Subsequently, the program will be 
extended to small plants, whose aggregate potential 
savings are great, and also to domestic consumers. 
Utilities already have experienced personnel competent 
to handle such problems and presumably they will not 
be included. Moreover, some months ago many utilities, 
at the suggestion of the War Production Board, initiated 
steps to interest commercial and residential consumers 
in conservation of electricity. No mention is made of 
the railroads which as a group are the largest consumers 
of coal, but whose conditions of operation make for re- 
duced efficiency in fuel burning. It is probably felt 
that any change in these conditions might penalize the 
service that is now being rendered in the movement 
of troops and essential supplies. 

The plan as announced is similar in many respects to 
that inaugurated in England some time ago and which is 
reported to be productive of most encouraging results. 

Long accustomed to plentiful supply, Americans have 
been in the habit of regarding fuel savings mainly from 
the dollar standpoint. Even this has been subor- 
dinated in many cases under the stress of war emergency 
and high taxation. Now, however, it is vital to conserve 


fuel so that a definitely limited production may meet 
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essential needs. In so far as eliminating wastes, this 
will be accompanied by dollar savings, although in some 
cases it may mean the use of coals less suitable to the 
firing equipment installed. 

The work is being conducted on a voluntary basis 
and the Bureau of Mines announces that already nearly 
four thousand engineers have agreed to assist in carrying 
out this conservation program. 


StationfHeat Rates 


Port Washington Station of the Wisconsin Electric 
Power Company which from 1935 through 1942 main- 
tained a world’s record for low station heat rate and per- 
formance, reaching 10,051 Btu per gross kilowatt-hour, 
or 10,596 Btu net, for the year 1942, suffered a setback 
during the past year because of turbine blading difficul- 
ties which incurred outages of over a thousand hours. 
This was reflected in an increased average yearly heat 
rate for Unit No. 1 of 10,596 Btu per gross kilowatt-hour, 
or 11,220 Btu net. However, the boiler demand avail- 
ability during this period was 98.9 per cent which was 
comparable with other years. 

The second unit, described in this issue, which is 
essentially a duplicate of the first, with certain improve- 
ments based on experience and advancement in the art, 
went into service last fall, and for the two months it 
has been in operation has shown a creditable perform- 
ance of 10,130 Btu per gross kilowatt-hour or 10,696 
Btu net. That this figure will be lowered as time goes 
on is altogether probable. 

This plant was among the first large stations to be 
laid out on the unit principle of a single turbine served 
by a single boiler, and its performance over the years 
appears to have fully justified the conservative values 
adopted in its design. This is indicated by the fact 
that when it was decided to add a second unit, a duplicate 
of the first installation with slight modifications was 
selected. 

However, the low station heat rate of Port Washington 
has now been bettered by the 2500-psi installation at 
the Twin Branch Station of the Indiana & Michigan 
Electric Company which for a period of approximately 
six months last year is reported to have averaged 10,035 
Btu per net kilowatt-hour. Obviously, the bigher steam 
conditions of 2500 psi, 940 F, as compared with 1300 
psi, 825 F at Port Washington, account for this thermal 
improvement. 

Despite the fact that Port Washington no longer holds 
the world’s record as to heat rate, there is every reason 
to assume that it will continue to demonstrate an en- 
viable performance both from the thermal and economic 
standpoints and that it will still hold the lead among 
stations in its pressure and temperature class. 
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PORT WASHINGTON 






Second Unit in Operation 


The second unit of Port Washington 
generating station of the Wisconsin Elec- 
tric Power Company, like the first, con- 
sists of a 690,000-lb per hr pulverized-coal- 
fired boiler supplying steam at 1300 psi, 
825 F to an 80,000-kw turbine-generator. 
While the new unit duplicates the earlier 
one in general design, it embodies numer- 
ous improvements which are described 
and performance figures for both are in- 


cluded. 


SSENTIALLY a duplicate of the initial single- 
boiler, single-turbine installation,! but of poten- 
tially improved efficiency and higher reliability 

and therefore promising lesser operating and fixed 
charges, the second 80,000-kw 1300-psi 825-F reheat 
unit went into regular operation October 27, 1943. An 
exterior view of the Port Washington Station after in- 
stallation of the second unit is shown on the cover of this 
issue and the No. 2 turbine-generator in Fig. 1. 


30 


Ten years later design, aided by developments in 
the power-generation practice and by operating experi- 
ence with Unit No. 1, caused the following major changes 
listed in approximate order of their importance: 


For BETTER RELIABILITY 


1. Welded pipe joints, instead of flanged joints. 

2. Welded superheater and reheater tube-to-header joints, 
instead of rolled joints. 

3. Welded main-header valve bonnets. 

4. Furnace-bottom screen-tube slope doubled and the supply 
header replaced by a drum. 


For Lesser Toray Costs (production and investment) 


Turbine blading and inlet-valve opening points improved. 

Increased boiler surface, by using 2-in. tubes in rear passes, 
instead of 3-in. tubes. 

Hydrogen cooling of generator. 

25 F higher superheat and reheat. 

Air supply to furnace made controllable laterally as well as 
vertically. 


Pe Pr 


1 See ‘“‘Design Features of the Port Washington Power Plant,”’ by G. G. 
Post, A.I.E.E. paper, June, 1933, and Comsustion, August, 1933; “The 
Port Washington Power Plant,’”’ by F. L. Dornbrook, Mechanical Engineering, 
November, 1936; ‘‘Port Washington’s Second Year,’’ Comspustion, February, 
1938; ‘‘Port Washington’s Third Year,’’ Comspustion, January, 1939; ‘“‘Port 
Washington Station Sustains Its Economy,’’ Comsustion, January, 1940; 
“Port Washington 1941 Operation,’’ ComsBusTIon, January, 1942; and “Port 
Washington 1942 Experiences,’’ ComBusTIoNn, January, 1943. 


Fig. 1—View of turbine-generator No. 2in foreground and No. | in background, representing combined capacity of 


160,000 kw. The spindle axial position of No. 2 turbine is being checked by its o 
come 0.9 in. longer due to heating, paper-thin clearances are maintain 


rator. Though its two sections be- 
by positioning the spindle 
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6. Magnetic couplings on induced- and forced-draft fans, in- 
stead of rotor-resistance motors. 

7  - removal by hopper-bottom sluices, instead of by power 

oe. 

8. Air-motor drive for moderately large valves, instead of elec- 
tric drive. 

9. Small spray desuperheaters for avoiding infrequent steam 
temperature peaks. 





Besides the above improvements are a host of minor ones. 
Operating personnel made forty formal suggestions 
upon request when No. 2 Unit was being designed. 








TYPICAL VIEW OF 
AIR MOTOR OPERATED 
GATE VALVE 











Fig. 2—Welded valve-bonnet and air-motor valve-operating 
designs 


Seventy-five per cent of these suggestions, some of 
major importance, were applied. Port Washington No. 
2 thus represents close integration of design and operat- 
ing considerations. 


Welding 


Unit 1 was designed and major parts were purchased 
in 1929 and 1930, a time when welding of main steam 
piping was not commonly practiced. Its piping was de- 
signed for liberal flexibility and has accordingly been re- 
liable, in spite of considerable stress relaxation of bolting 
and flanges. However, when planning Unit 2 there was, 
of course, no question about the desirability of using 
welded joints. There may come a time when No. 1 must 
stop and start frequently, and then the welded construc- 
tion of No. 2 may eventually be desirable for No. 1, as 
850-F steam temperature, as attained at times, is quite 
high for large flanged construction. 

Welded main-header valve bonnets were suggested by 
more trouble with bonnets than with main piping flanges 
of No. 1. 

Though rolled-joints of superheater tubes have never 
been a factor in shutting down Unit 1, they have caused 
minor leakage and frequent maintenance during outages 
for other purposes. Welding of No. 2’s superheater and 
reheater tube-to-header joints followed present common 
practice. Handholes opposite the tubes have been pro- 
vided, but of lesser spacing than required by rolled 
joints. 

Boiler drums of No. 1 were forged, whereas those of No. 
2 are welded. In all cases, except for furnace tubes, 


rolled boiler-tube joints without welded seals were used. 
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Large Valves 


Welded bonnets and air-motor drives are illustrated 
in Fig. 2, a hemispherical bonnet being fusion welded to 
the tee-like valve body. 

Air-motor valve control, also shown in Fig. 2, has the 
advantage of eliminating troublesome limit-switches. 
Many failures of heavy valve parts have occurred when 
limits have failed to stop motors reliably. With air- 
motor drive, full stalling torque does not cause any over- 
stressing of valve parts, and, of course, there is essentially 
no rotational kinetic energy present that may cause 
trouble. Remote control is practical. 

Cross-connection steam lines between Units 1 and 2 
have not been provided initially, though the design pro- 
vides for their installation if they are later found desir- 
able. Pulverized-coal cross-connections can be made in 
a few minutes, but normally the units will be operated 
independently. 


Furnace-Bottom Water-Screen 


Internal corrosion of screen tubes of No. 1 unit 
prompted the doubling of the slope from 1 in. per foot 
to 2 in. per foot (except for a few tubes near each side 
wall, see Fig. 4). Helices within the tubes duplicate 
those installed in No. 1 in 1939, and a large rear header 
was installed to eliminate any questions of circulation. 

In both cases, ash is now allowed to collect as much as 
practical on the tubes to assist in maintenance of ade- 
quate internal protective coatings, and boiler-water 
alkalinities have been maintained at the previous low 
values for the same purpose. No failures have occurred 
during the past four years. 


Turbine-Generator 


More favorable economy at all loads is shown by Fig. 
3, which compares turbine-heat consumptions of Units 
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Fig. 3—Relative heat cone rates of turbine units 
an 


1 and 2 throughout the load range. Hydrogen cooling 
is partly responsible for the gain, and reduced clearance 
leakages and lesser leaving losses comprise other worth- 
while savings. Otherwise, the turbines are practically 
identical. Having the reheating point in about the mid- 
dle of the high-temperature, high-pressure section is a 
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Fig. 4—Cross-section of No. 2 C-E boiler unit 
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distinctive feature of the turbine design. A relatively 
thin diaphragm separates 550-F and 850-F steam at this 
point. 

Vacuum scavenging is perhaps the most interesting 
feature of the generator hydrogen-cooling system. To 
avoid the rare possibility of explosions, 24-in. vacuum is 
maintained in the generator when filling or emptying of 
hydrogen. An explosion starting at this low pressure 


October 27, at which time it was considered as commenc- 
ing regular operation. Inspection of the gears on Novem- 
ber 2 indicated that a longer run was practical, and ac- 
cordingly the load was gradually increased until 81,000 
kw was carried on November 11, 1943. Since that date, 
the machine has been rated at nameplate output and 
has been assigned loads as required by system conditions, 
except on a few low-load or short-time conditions when 
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would scarcely form atmospheric pressure at its peak, 
and that it would occur at all is improbable. 

To save erection time and to release the manufac- 
turer’s overtaxed facilities for other war work, the tur- 
bine and generator were not shop erected. 


Operating Experience, Unit 2 


The new turbine-generator unit was first turned with 
steam and brought to speed October 17, 1943, and ran 24 
hours, for no-load, 1800-rpm electrical tests, thus proving 
beyond all doubt that it had not suffered from lack of 
shop erection. It operated unusually smoothly and 
otherwise well. 

Oil-pump drive gear and thrust-bearing adjusting 
mechanism trouble kept the turbine out of service until 
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load has been reduced for work on one or two auxiliaries, 
that is, a high-pressure heater gasket and valve bonnet 
have leaked, and magnetic coupling resistance contacts 
have failed. On December 1 to 5, the temporary tur- 
bine oil was changed to the permanent batch, and minor 
binding in the thrust-adjusting gear was corrected. 
Aside from minor troubles with auxiliaries, none of 
which caused any outages, boiler-room difficulties have 
been essentially nil. The vertically divided air-supply 
ducts at the front furnace wall will require minor modifi- 
cations for maximum combustion efficiency. Superheat 
and reheat steam temperatures are accurate at the de- 
sired values. Considering that 43 per cent as much heat 
is supplied in superheating as in evaporating, proper 
reheater-outlet steam temperature is noteworthy. 


OPERATING PERIODS AND REASONS FOR OUTAGES—1943 


Period 


Kwhr Gener- 





ou, VV 


No. Started Finished Hr Run ated, Millions Hours ~ Reason 
Unit No. 1 
65 12/27/42* 5/6/43 3,133.27 208.664 85.37 Scheduled general inspection of boiler. Repaired 
leaking condenser tubes 
66 5/10/43 7/20/43 1,715.36 108.123 200.50 Broken blading on low-pressure cylinder and 
spindle. (Forced outage) 
67 7/28/43 7/31/43 71.07 3.748 805.40 | Broken blading on L.P. spindle and cylinder. 
Installed 8 rows of blading on L.P. spindle and 
8 oe of blading in L. m3 cylinder. (Forced 
outage 
68 9/3/43 12/26/43t 2,749.03 138.959 
Total 12/27/42 12/26/43 7,668.73 459.494 1091.27 
Total 11/22/35 12/26/43 63,658. 58 3,625 .955 7308.42 
Unit No, 2 
1 10/27/43 10/27/43 2.60 0.016 26.37 Raapestion of oil-pump gears and resetting of 
2 10/28/43 10/28/43 4.75 0.046 14.61 Loss — {condensate from storage tanks. (Forced 
3 10/29/43 11/1/43 84.20 1.859 31.75 a 4 of oil-pump gears 
4 11/3/43 12/1/43 687.10 39.210 102.12 Change turbine oil and repair thrust-bearing 
adjustment mechanism 
5 12/6/43 12/26/43t 499.03 34.063 
Total 10/27/43 12/26/43 1,277.68 75.194 174.85 


* This operating period started 11/15/42. 


t Still in operation, 


COMBUSTION—January 1944 








USE AND AVAILABILITY DATA, UNITS 1 AND 2* 























- Unit 1 ~ _ Unit 2 ~ 
194 8-Yr Average ~ - Two Months*—————.. 
“ee Boiler Turbine Overall Boiler Turbine Overall Boiler Turbine Overall 
se Factor: 
Service hours 87.6 87.5 87.5 89.6 89.5 89.5 77.3 88.0 88.0 
Period hours 
Hourly Output Capacity Factor: 
Avg. hourly output 70 74.9 74.9 63.9 71.3 73.8 64.7 73.6 73.6 
Rated hourly output 
Annual Output Capacity Factor: 
Annual output 61.3 65.6 65.6 57.3 63.9 63.9 50* 64.7* 64.7* 
Annual rated output 
Annual Demand Factor: 
Demand hours 88.5 99 100 93.6 96.4 98.7 77.3* 99.0* 100* 
Annual hours 
Demand Availability: 
Service hours 98.9 88.4 87.5 96.3 93.4 91.2 100 88.9 88.0 
Demand hours 
Annual Availability Factor: 
— Repair hours 97.7 88.5 87.5 94.8 94.0 90.8 94,.1* 89.0* 88.0* 


Annual hours 


* December 27, 1942, to December 26, 1943, inclusive (8760 hr), for No. 1 Unit, 1943. 
October 27, 1943, to December 26, 1943, inclusive (1452.53 hr), for No. 2 Unit (1695 hr for boiler because of no-load 1800 rpm tests on turbine October 17, 


1943). 


There now appears adequate basis for depending upon 
the new unit to duplicate the reliability record of No. 1. 
Accordingly, maintenance of two 60,000-kw units at 
Lakeside Station, deferred because of the twelve-months 
delay in the delivery of the new Port Washington tur- 
bine unit, is now being done in turn. 


1943 Operating Experiences, Unit 1 


Blading trouble in the low-pressure turbine section 
constituted the most important turbine experience to 
date. Every blade, stationary and rotating, in the 32 
total low-pressure rows (8 sets, double-flow) was re- 
moved in August, due to unusual cracking and resulting 
damage when failures occurred in operation July 17 and 
August 1. Half (the shorter blades) were replaced by new 
ones late in August, and installation of the remaining 
four sets of rows (16 rows total) is expected in February. 

The initial failure apparently started at the roots of 
first-row 3'/2-in. long low-pressure blades, for many 
major cracks with stained faces were visible in these two 
rows. At the end of one particular section, two blades 
had apparently fractured completely and were held tem- 
porarily by the lacing wire and shroud; and 21.6 per 
cent of all the low-pressure blades had old cracks visible 
to the unaided eye. To date, no generally accepted ex- 
planation for the cracking has been established. 

The results of this turbine-blade trouble are shown by 
the accompanying economy and reliability data. It has 
caused the turbine availability to lose its slight lead over 
boiler availability for the first seven years average. The 
experience suggests that turbine blade troubles probably 
remain the major threat to plant reliability, and as such 


OUTPUT AND HEAT CONSUMPTION DATA 


Heat Consumption, 


Output, Million Kw-Hr Btu per Kw-Hr 


Year Month Gross Net Gross Net 

No. 1 Unit 

1943 51,025 - 48.3752 10,168 10,725 

eb. 45.583 43.1992 10,323 10,893 

Mar. ‘51.694 48.9499 10,144 10,712 

Apr. 44.707 42.0868 10,002 0,554 

May 41.310 39.0658 10,115 10,697 

June 45.599 43.1867 10,113 10,678 

July 37.169 35.1547 10,189 10,773 

Aug. 3.748 3.3846 11,729 12,989 

Sept 29.147 27.4060 11,439 12,166 

Oct 39.507 37.1836 11,543 12,265 

Nov. 34.954 32.7774 11,745 12,525 

Dec 35.351 33.1774 11 ‘B72 12, 330 

12 Mo 459. = 433.9473 10,596 11,220 

1936-43, 96 Mo 3,588.3 3,401 .0288 10,240 10,804 

1935-43, 99 Mo 3,629. 328 3,439 .4355 10,252 10,819 
No. 2 Unit 

1943 Nov. 32.029 30.3467 10,231 10,799 

Dec. 43.165 40.9143 10,056 10,609 

2 Mo 75.194 71,261 10,130 10,690 
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deserve much careful attention. 

In spite of the six weeks of outages due to blading 
troubles, Unit 1 operated 87.5 per cent of the year. 
With four sets of the largest blade rows out, its heat 
consumption has been better than that of any other 
equipment on the system. 





EQUIPMENT SALES 


as reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census 





Boiler Sales 
Stationary Power Boilers 
1943 1942 1943 1942 
Water Tube Water Tube Fire Tube Fire Tube 
°. Ft* No. Ft* No. $9 Ft No. ro | Ft 
ee 1 169 197 1,590,796 18 22,854 52 59,476 
Soe 35 175,308 216 1,467,900 244 151,055 83,647 
ee 32 149,983 268 1,487,505 17 25,043 60 62,679 
550% 364,146 422 2,402,579 22 ‘33,231 46 61,054 
ae 127 683,052 156 1,243,328 14,106 57 83,147 
Ds 6:00.0 1 684,556 139 ,562 25 41,073 57 74,231 
ee 31 222,253 133 880,430 19 10,985 45 53,596 
ices e 1 311,448 113 933,660 31 41,311 26 30,228 
| SS 41 148,287 378,096 36 41,202 337 275,808 
CO 107 390,862 151 1,048,117 27 834,261 14 24,611 
Nov wry 5 263, '448 «48 ‘241, 155 13. =—-:19,470 21 24,470 
Jan.-Nov., 
incl.... 147 3,457,512 1,891 12,521,128 461 434,591 773 832,947 


* Includes water wall heating surface. 
Total steam generating S bro of water tube boilers sold in the period 
Jan. to Nov. (incl.), 1943, 33,570,000 Ib per hr; in 1942, 107,632,000 Ib per hr. 


Marine Beiler Sales 
1943 1942 1943 1942 
Water Tube Water Tube Scotch Scotch 
No. Sq Ft* No. Sq Ft* No. t No. Sq Ft 
eee 627 2,261,623 237 = 11,119,437 1 1080 - — 
See 31 102,404 70 347,324 - =— - —_ 
Ps caes 208 602,051 1,676 7,827,106 1 26566 - -— 
ae 19 85,2 236 848,9: 2 6,130 1 161 
May..... $1,000 $4,985,283 364 1,473,354 3 6401 2 868 
June..... 895 4,241,507 255 876,146 1 2,565 - _ 
FURY. cccve 386 i ,852,389 242 1,038,918 1 2,565 —- _ 
BER. 506% 761 $3,456,977 204 665,660 4 730 = - —_ 
Sept..cce 102 463,700 666 2,596,342 2 6,130 - —_— 
OSE. cecce 39 166,229 261 1,549,265 2 6,130 - —_— 
PROV. cccce 90 352 ‘991 208 1,169,561 1 988 - _ 
Jan.-Nov., 
incl.... 4,158 18,570,398 4,419 19,502,599 18 39,284 3 1,029 
* Includes water wall heating surface. t Revised. 


Total steam generating capacity of water tube boilers sold in the period 
Jan. to Nov. (incl.), 1943, 187,631 600 Ib per hr; in 1942, 236,928,000 Ib per hr. 


¢t Mechanical Stoker Sales 
1943 1942 _ 1943 _ 1942 

Water Tube Water Tube Fire Tube Fire Tube 

No. Hp No. Hp No. Hp No. Hp 
ere 134 48,448 87 42,876 457 31,623 159 24,135 
a 104 34,858 131 55,001 575 83,673 185 26,889 
See 114 .48,367 84 46,055 573 77,951 210 31,329 
Po Se 99 33,781 102 49,061 433 64,17 313 39,877 
__— 96 39,640 125 44,069 414 57, 206 33,566 
MDscc0s 118 61,415 123 48,267 367 49,062 296 49,760 
Fo ccece 99 651,414 131 59,376 381 A 297 45,902 
pe ae 168 131,377 40,619 {$446 162,732 295 49,725 
Sept..... 49 18,911 78 37,081 446 55,496 295 44,910 
a 159 53,382 85 26,633 391 54,477 353 49,575 
Nov..... 57 21,619 120 59,799 245 33,1 333 49,799 

Jan.-Nov., 

837 4,728 623,310 2,942 445,467 


{097 44 or 1,160 508, 
t Capacity over 300 Ib of coal per hour. t Revised. 
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Experimental Studies of 


Boiler Scale at 800 Psi 


In this paper presented before the 
Fourth Annual Water Conference of the 
Engineers Society of Western Pennsyl- 
vania, at Pittsburgh, November 1-2, 1943, 
the authors report on results with an 
electrically-heated experimental boiler 
operated at pressures up to 800 psi and at 
different ratings. Various couiitentinnn, 
involving calcium, magnesium, phos- 
phate, silica, alumina and organic sub- 
stances were added and the deposits 
studied, particularly at the cold end and 
starved areas which simulated those that 
might be found in a regular boiler. 


N THE treatment of boiler feedwater, there are 
times when chemists and engineers are puzzled 
at results obtained. For example, water that 

appears to be scale forming causes no scale, or water 
that is apparently properly treated causes scale, The 
purpose of the investigation reported here was to try 
to determine the exact effect of each individual con- 
stituent that might be present in boiler feedwater. 

To accomplish this a small experimental boiler was 
used as shown in Fig. 1, the heating element and tube 
being shown in Fig. 2. This boiler can be operated at 
varying pressures up to 800 psi (the limit allowed for 
insurance purposes); it has automatic feedwater control, 
continuous automatic blowdown and evaporates ap- 
proximately 8 Ib per hr. The evaporating tube as 
shown is heated by an electrical unit. 

After construction, it was discovered that there were 
three conditions of heat on this tube. There is the main 
evaporating surface which covers most of the tube. 
However, the extreme end of the tube is cooler than the 
remainder because the heating element does not reach 
to the end and feedwater also causes some cooling at that 
point. Near the top of the tube is a starved or dead 
area as shown in the drawing, which for convenience, is 
called the ‘dry spot.’’ This is also at the point of 
highest temperature, and deposits there would repre- 
sent what would happen in a starved or partially plugged 
boiler tube. In some cases where the dry spot is ex- 
tremely clean, it was suggested that scale had formed 
and then cracked off when taking the boiler down, but 
thorough checking failed to reveal any chips of scale 
in the boiler, and the surfaces of the metal at the spot 
are definitely different in appearance if the scale is 
broken loose mechanically. These three areas enable 
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the study of what might happen on either cold, evaporat- 
ing or starved surfaces of a boiler. 

All tests were run for a period of 48 hr, which was 
sufficient time to give deposits that could be compared 
and at an evaporating rate equal to 29,000 Btu per 
sq ft per hr. Higher ratings gave too much trouble 
with the heating elements. 


EXPERIMENTAL BOILER 
CAOSS SECTION 
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REMOVABLE TUBE 
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Fig. 1—Section through experimental boiler 


The feedwater used was made from distilled water and 
chemically pure chemicals. The calcium was added 
as calcium chloride, the magnesium as magnesium chlo- 
ride, the silica as neutral hydrated colloidal silica, the 
alumina as sodium aluminate and the phosphate as 
disodium phosphate. Since the results should interest 
engineers as well as chemists, it was decided to report 
all constituents and tests in parts per million and in 
terms of calcium carbonate and thus the terms used 
would be more easily compared with actual plant prac- 
tice. Also the object of the work was not to form 


definite compounds for deposits, in which case we would 
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have used molar ratios, but rather to see what happens 
when quantities are used that are comparable to actual 
practice. 

The quantities of calcium and magnesium used were 
high for properly treated waters, but this was needed 
to produce deposits in a short time. The boiler feed- 
water in all cases contained 12 ppm of Cl, or 20 ppm as 





Fig. 2—Heating element and tube 


NaCl, and 55 ppm of SQO,, or 80 ppm as NapSQ,y. In 
previous tests the presence of sodium chloride and sul- 
phate in variable quantities did not affect deposits at 
pressures up to 400 psi so it was assumed that there would 
be little effect at 800 psi, but this will be checked later by 
further boiler runs. 

In order to protect against corrosion, small quantities 
of sodium sulphite were used because it was thought 
this material would have the least effect on the scale 
formation. Also, unless otherwise noted, the alkalinity 
of the feedwater was 34 ppm in excess of the hardness, 
all in terms of calcium carbonate. 

In all cases, unless otherwise noted, sufficient phos- 
phate was used to give 5 ppm excess as PO, in the feed- 
water over that needed to react with the calcium. Since 
the concentration of solids in the boiler was maintained 
at ten times the feedwater solids, this meant an average 
of 50 ppm of phosphate as PQ, in the boiler water. 
However, the magnesium showed a definite phosphate 
demand so that whenever it was used, the phosphate 
feed was controlled solely by tests of the boiler water. 

The reporting of the results is done pictorially as 
far as possible, and, for convenience, the quantity of 
each constituent in the feedwater is shown in parts per 
million below each title. In general, three pictures are 
shown of each run: 


1. The top row shows the complete tube in reduced 
size. 

2. The middle row shows part of the tube including 
the dry spot. 

3. The bottom row shows a representative spot on 
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the evaporating surface at ten magnifications 
(reduced here one-half for reproduction). 


No attempt, except where specifically stated, has been 
made to show the formation of definite compounds in 
the deposits, but instead to show only the combination 
used in the feedwater. Therefore, the terms “‘calcium- 
phosphate” in the pictures mean that a combination 
of calcium and phosphate was present in the feedwater 
but not necessarily that any type of calcium phosphate 
was formed. The identification by X-ray of all the 
various deposits formed is under way. 

No attempt in this investigation is made to recommend 
procedures of treatment of boiler feedwater, but simply 
to record results as obtained by this particular type of 
experimental boiler. That results in this experimental 
boiler can be compared with field practice has been 
verified previously by shipping in large samples of 
feedwater from several plants having scale troubles and 
duplicating these results in the small boiler. 


Effect of Pressure 


The deposits increased in quantity as the pressure 
increased and between 400 and 650 psi then changed 
under observation at low magnification from a dusty 
to a coral-like appearance. At low pressures, the cold 
end showed the most deposits and practically no de- 
posits in the starved areas. As the pressure increased, 
the deposits in the dry spot became more pronounced. 





Fig. 3—Effect of increasing pressure on calcium (17 ppm) 

phosphate (5 ppm ex.) deposits. The calcium-phosphate 

deposits increase with pressure and X-ray analysis of deposit 
at 800 psi showed hydroxyapatite 


Effect of Ratings 


A variation of between 20,000 and 45,000 Btu per sq 
ft per hr did not show any perceptible difference in 
deposits on the evaporating surface. The dry spot at 
first was confusing, but, on studying closer, there are 
indications that at low ratings there was only a slight 
starvation because the deposits are very similar to 
those on the main evaporating surface whereas at the 
high ratings the deposit is more of the fused type, in- 
dicating higher temperatures. Tests at higher ratings 
were not possible because of trouble with the heating 
elements. 
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Calcium and/or Magnesium With Phosphate, Figs. 5, 6, 
7 and 8 


Calcium and magnesium both form deposits with 
phosphates. X-ray analysis shows that calcium and 
phosphate form calcium hydroxyapatite at all pressures 
even though the physical appearance at low magnifica- 
tions may change. 

The magnesium and phosphate deposits gave a pat- 
tern on X-ray analysis showing that these two form a 
definite crystalline compound, but no similar pattern is 
on record so the compound could not be identified. 
Raising the alkalinity did not affect the magnesium and 
phosphate deposits. It was also observed that mag- 
nesium and phosphate form deposits at low and high 
pressures as compared to calcium phosphate that forms 
mostly at high pressures. 





20,000 

Fig. 4—Effect of varied heat-transfer rates, in Btu per sq ft 

per hr, on deposits at 800 psi; with 13 ppm calcium, 4 _- 

magnesium, 3.5 ppm silica and 5 ppm phosphate. e 
greatest effect is on starved areas 


29,000 45,000 


A combination of calcium and magnesium with 
phosphate gave a deposit that was a composite of 
calcium and magnesium deposits as formed separately 
with some indication that magnesium acts as a binder 
for the calcium deposits. 


Calcium and/or Magnesium With Phosphate and Silica 
Figs. 9, 10 and 11 


The addition of silica to calcium and phosphate did 
not influence the formation of deposits on the evaporat- 
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ing surfaces as much as was expected, but definitely 
increased deposits in the dry spot. However, the ad- 
dition of silica to magnesium and phosphate greatly 
reduced the formation of deposits in the evaporating 
surfaces, but increased deposits in the dry spot. A 
combination of silica with both calcium and magnesium 
and phosphate reduced all deposits on the evaporating 
surfaces, the magnesium helping to eliminate the effect 
of calcium on deposits. 


Deposits in Starved Areas, Fig. 12 


Both calcium and magnesium with phosphate showed 
no appreciable deposit over the entire dry spot, but did 
form a ring around the outside of the spot with calcium 
forming more than magnesium. However, the presence 
of silica causes the entire dry spot to become coated 
with a continuous layer. The presence of alumina is 
additive to the silica in forming a deposit over the entire 


dry spot. 


Phosphate and Silica, and Alumina With Sodium or Cal- 
cium, or Magnesium, Figs. 13 and 14 


Phosphate and silica with either sodium or calcium or 
magnesium (Fig. 13) form deposits in the dry spot. It 
is interesting to note that the magnesium combination 
gave a better looking tube than the sodium. 

The addition of alumina (Fig. 14) to these combina- 
tions was additive to the dry spots and showed some 
effect on the magnesium-phosphate-silica combination. 


Effect of Organics on Calcium and Phosphate, Figs. 
15 and 16 


Only the more commonly and commercially avail- 
able organics used are shown and at a dosage considered 
average. All these affected the deposits on the evaporat- 
ing surfaces to some extent. None showed any tend- 
ency to break down or otherwise change to impart 
volatile material in the steam. Further tests on the 
effect of organics are in progress. 


Conclusion 


Several years ago a similar series of tests had been 
run at 400 psi, and, while they showed the effect of 
magnesium in combination with phosphate and silica, 
the differences of all combinations were not as per- 
ceptible as at 800 psi. When the series at 800 psi were 
conceived, it was thought that the tests shown would 
give a complete story of the effects of the different sub- 
stances used. Instead the work so far completed has 
suggested a multitude of tests that are necessary to 
answer the questions that have arisen. Consequently, 
this paper should be considered as a preliminary report 
and as a basis for further work along this line. 

More information is needed on the effect of varying 
ratings up to as high as 100,000 Btu per sq ft per hr. 
The results obtained with certain ratios of magnesium to 
silica need further study so that advantage may be 
taken of the apparent affinity of silica for magnesium in 
preference to phosphate. Organic treatments also show 


great promise for conditioning sludge, but it is evident 
that they cannot be used promiscuously. 
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400 psi 650 psi 800 psi ™ ~ water pe 340 ppm Boiler water alkalinity, 85 ppm 
ig. 7—Effec alkalini ¥ . 
Fig. 5—Effect of pressure with calcium (17 ppm)-phosphate mt a 6 vt ) at 800 - pe yen a aor 
effec 


(5 ppm ex.). At 650 psi the calcitum-phosphate deposit . 
changes to coral-like appearance but is still lcalcium hydroxy- t on formation of magnesium-phosphate deposits 


apatite 
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Ca- hosphate hosphate 
(17 ppm) & 5 ppm ex.) (17 | open) 6 5 ppm ex.) 
250 psi 800 psi Ca- Mg- hosphate 
Fig. me" ‘ipeanwe on magnesium mdr ppen)-pheaphate (13 ppm) (4 ppm) & ppm ex.) 
(5 ppm ex.). ese deposits were more voluminous than Fig. 8—Magnesium- and calcium-phosphate deposit together 
calcium-phosphate at all pressures at 800 psi 
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~ quten ; ar ee 8. . i aan 17 pot - SiOs, 0 SiO:, 8.5 ppm SiO2, 17 ppm 

g- cium pm)-phosphate ppm ex.)-silica Fig. 11—Calci 4 -phosphat 

(variable) at 800 psi. ‘The silica increases deposits in starved Dn eni-cins Gab antibed. Mite dininate ta 
combined magnesium-calcium-phosphate deposits 








SiO:, 6 SiOs, 8.5 ppm SiOz, 17 ppm ~_.Ca-phosphate Ca-phosphate-SiO: Ca-phosphate-SiOz-AlsOs 
Fig. 10—Magnesium (17 ppm) “ph -phosphate (5 ppm ex.)-silica | Fig. ete ate in starved areas at 800 psi, showing cal- 
(variable) at 800 psi. nates adherence of cium-phosphate at edge and calcium-phosphate-silica, with 
magnesium-phosphate on sassensention surfaces or without alumina deposits over entire area 
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Na, 85 ppm Ca, 17 ppm Mg, 17 ppm No organic Starch Sodium lignin sulphonate 
Fig. 13—Calcium-phosphate-silica combination causes most Fig. 15—Calcium (17 ppm)-ph “per (5 ppm ex.)-organic 
deposits at 800 psi (8.5 ppm) at 

















Na, 85 ppm Ca, 17 ppm Mg, 17 ppm 
Fig. 14—Phosphate (5 ppm ex.)-silica (17 ppm)-alumina 
(17 ppm) with sodium, calcium or magnesium. oe = 
cium-phosphate-silica-alumina combination causes Chestnut Quebracho Lignin derivative 
deposits, the alumina contributing mainly to Senanthe 7 Fig. 16—Calcium (17 pail er Ot (5 ppm ex.)-organic 
starved areas ppm) at 
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High-Pressure Steam for 


ARINE propulsion power plants 

operating with steam pressures 
higher than are now in common use are 
considered to be high-pressure installations 
for the purposes of this paper. Most 
modern merchant vessels built in this 
country operate with 425 psi throttle pres- 
sure but there are a few with 600 psi. 
The Navy has adopted 600 psi as the 
standard initial pressure for ‘important 
combatant vessels. Although a few ships 
use pressures higher than these, they may 
be considered experimental and not repre- 
sentative of general practice. 

Pressures of about 900 psi, 1500 psi and 
2500 psi have been chosen for discussion 
because they cover the useful range and 
utilize existing ASA pipe flange and valve 
dimensional standards to the full limit of 
their capabilities. Coast Guard Rules 
prescribe the maximum working pressure 
that can be used with each ASA dimen- 
sional flange standard at various tem- 
peratures, with either carbon steel or car- 
bon molybdenum steel. In the following 
discussion carbon steel has been selected 
for all of the cycles using 740-F steam and 
carbon-molybdenum steel for 840-F and 
940-F steam. With these materials the 
maximum pressure allowed by the Rules 
has been selected for each of the cycles 
discussed as later shown in Table 2. This 
selection leads to the most economical pip- 
ing installation and adequately covers the 
useful range of temperatures and pres- 
sures. 

The principal reason for adopting high 
pressure is to increase the plant efficiency. 
A gain of from 9 to 19 per cent may be ob- 
tained by adopting 1500 psi, depending 
upon the cycle adopted. The 9 per cent 
gain is obtained with a comparatively 
simple cycle operating at 740 F steam 
temperature and utilizing only standard 
materials. The 19 per cent gain is ob- 
tained by using a more complicated cycle 
with 940-F steam and better materials. 

Pressures higher than 1500 psi do not 
give appreciable gains on ships of moder- 
ate horsepower, that is, under 15,000 shp 
per shaft. Pressures as high as 2500 psi 
would show an appreciable improvement 
in fuel consumption only in very high- 
powered ships such as superliners. How- 
ever, in such large vessels there is always 
a tendency to be conservative because 
reliability is worth more than the com- 
paratively small saving in fuel. There- 
fore, more emphasis will be laid on cycles 


* A paper delivered before the New England 
Association of Naval Architects and Marine 
Engineers, Oct. 26, 1943. 
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This is an exhaustive analysis 
of the thermal and economic 
gains through employment of 
900, 1500 and 2500 psi and steam 
temperatures up to 940 F, as 
compared with present standard 
practice for merchant vessels in- 
volving 425 psi throttle pressure. 
Several cycles permitting the use 
of high pressures are disc ° 
as are their savings and the 
various practical problems as- 
sociated with each. Because of 
the length of this paper, the 
text will be carried over to the 
February issue. 











using 1500 psi than on the higher pressures. 
In the present state of the art it would 
appear that 1500 psi should be restricted 
to ships having not less than about 
10,000 shp per shaft. Furthermore, high 
pressure is most advantageous for ships 
that run most of the time in the range 
from one half to full power. Most mer- 
chant ships fulfill this requirement but 
naval vessels do not. 

Fig. 1 shows the maximum throttle 
pressure recommended for each size of 
propulsion unit. This will not give maxi- 
mum efficiency in each case but is con- 
sidered to be the optimum pressure, all 
things considered. The increased cost of 
equipment designed for higher pressure 
to obtain the peak efficiency could not 
be justified economically. This curve is 
based on present-day design practice. 
As more experience is gained with high- 
pressure installations, it is likely that re- 
finements will be developed enabling 
higher pressures to be used economically 
in the lower powers. No attempt has 
been made to assess the value of high 
pressure for naval vessels. 


Theoretical Basis of Gain Due to High 
Pressure 


Decrease in fuel consumption due to 
use of high pressure is attributable almost 
entirely to the higher efficiency of the ideal 
thermodynamic cycle. However, there 
are various secondary effects associated 
with high pressure, most of which tend 
to reduce this theoretical improvement; 
but the net result is a substantial gain. 
These secondary effects are discussed 
later. 

Fig. 2 shows a comparison of the ideal 
steam cycle with the Carnot cycle on the 
temperature-entropy diagram. The Car- 
not cycle forms a useful basis for discussion 


because its efficiency is the highest that 
can be attained when operating between 
prescribed temperature limits and because 
this efficiency represents a limit ap- 
proached by the modern steam cycle. 
In the Carnot cycle, heat is added at a 
high constant absolute temperature 7), 
expansion takes place adiabatically, heat 
is rejected at a constant lower absolute 
temperature 7; and compression takes 
place adiabatically, closing the cycle. 
The efficiency is 


T; - T; 
T; 


In all condensing steam installations the 
rejection temperature, 72, is close to sea 
water temperature and is substantially 
constant. In such a case it will be noted 
that the Carnot efficiency is higher with a 
higher initial temperature 7). This con- 
clusion applies for all practical cycles and 
may be generalized as follows: The higher 
the average temperature at which heat is 
added, the higher will be the cycle effi- 
ciency. 

The ideal steam cycle of Fig. 2 assumes 
there are no losses due to transformation 
of energy in the turbine and that full re- 
generative feed heating is used (that is, an 
infinite number of feed heaters are used 
in series). Otherwise, this cycle is like the 


8 
° 


: 


THROTTLE PRESSURE -PS! 
e & 
ochU° 
o.6° 





600 
400 
300 
200 
Pee Ghb bbb! 


SP PER SHAFT 


Fig. 1—Throttle pressure versus shaft 
horsepower per shaft 


actual steam cycle where water is pumped 
through feed heatersi nto the boiler, evapo- 
rated, superheated, expanded through the 
turbine and then condensed in the con- 
denser, thus completing the cycle. 

For comparison with the Carnot cycle, 
Fig. 2 shows the mean temperature at 
which heat is added by the boiler in the 
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Fig. 2—Temperature-entropy diagrams for Carnot and 
Ideal steam cycles 


ideal cycle. This is largely determined by 
the saturation temperature corresponding 
to boiler pressure because most of the heat 
(about 75 per cent) is added as heat of 
evaporation at saturation temperature. 
The final superheated steam temperature 
may be several hundred degrees hotter 
than saturation but this has only a second- 
ary effect on the mean temperature be- 
cause only a comparatively small amount 
of heat is added in the superheater and 
also because the temperature at which it 
is added is only midway between the 
saturation and final temperature. There- 
fore, the upper temperature limit in the 
comparable Carnot cycle is determined 
principally by the pressure. 

Fig. 3 shows variation of saturation 
temperature with pressure and reduction 
of oil consumption due to increased pres- 
sure using a Carnot cycle with saturation 
temperature as the upper limit and 92 F 
(corresponding to 1.5-in. vacuum) as the 
lower limit. It will be noted that the 
saturation temperature increases at a re- 
duced rate as pressure is increased and the 
efficiency does likewise. 

Fig. 4 shows reduction of oil consump- 
tion for various initial pressures and tem- 
peratures using the complete ideal steam 
cycle. These curves are based on the 
full regenerative feed cycle and include all 
of the thermodynamic effects pertaining 
to steam, but do not include the practical 
losses associated with the boilers, turbines, 
feed system, auxiliaries, etc. These are 
discussed later, 

A conventional cycle having standard 
steam conditions of 425 psi, 740 F has 
been taken as the basis of comparison for 
these curves and this basis will be used 
throughout the paper. It will be noted 
that gain due to pressure with the ideal 
steam cycle is only a little smaller than 
with the Carnot cycle. Also, the effect 
of temperature on the ideal cycle efficiency 
is comparatively small. The effect of 
temperature on the actual cycle is greater 
than this, due to its effect on moisture loss. 
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Gains and Losses Associated With High 
Pressure 


There are various gains and losses in- 
cidental to use of high pressure which 
modify the fundamental improvement 
considerably and the more important of 
these are here discussed. The sum of 
incidental losses is greater than incidental 
gains; therefore the net reduction of fuel 
consumption due to high pressure is less 
than the ideal. 
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Gatn DvE To FEED HEATING 


The biggest loss is heat rejected to the 
sea water through the main condenser, 
which is of the order of 70 per cent of the 
input. This loss may be reduced con- 
siderably by use of regenerative feed heat- 
ing. It reduces steam flow to the main 
condenser by the amount bled, and heat 
rejected to the sea through the main con- 
denser is thereby reduced in the same 
proportion. Useful work done by the 
turbine is also reduced somewhat because 
the average flow through it is less, but this 
reduction of output is smaller than the 
gain in the condenser and the net result 
is a considerable saving. 

When using high-pressure steam the 
saturation temperature in the boiler drum 
is higher than with low pressure; there- 
fore the feedwater can be heated through 
a larger rise of temperature. This in- 
creases the amount of steam that can be 
bled for feed heating and thereby reduces 
loss to the condenser. In general, any- 
thing which increases the amount of steam 
bled for feed heating reduces fuel consump- 
tion. 

High pressures inherently permit more 
bleeding for feed heating than do low pres- 
sures and thereby gain more from use of 
regenerative feed heating. Fig. 5 shows 
the maximum possible increase of the gain 
due to regenerative feed heating in going 
from 425 psi to higher pressures, based on 
calculations by Salisbury in a paper before 
the A.S.M.E. in April 1942. This gain is 
not additive to the ideal cycle gain shown 
on Fig. 4, but is included in it because the 
ideal cycle selected already incorporates 
complete regenerative feedwater heating 
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Fig. 3—Reduction of oil consumption with Carnot cycle 
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Fig. 5 also shows the increase obtain- 
able with an actual marine installation 
using a conventional superheated steam 
cycle, due consideration being given to all 
practical factors involved. The actual in- 
crease of gain due to regenerative feed 
heating in going from 425 psi to 1425 psi 
is about 2 per cent. The actual gain is 
about 50 per cent of the maximum possible 
when the feed-pump turbine exhausts to a 
feed heater at 10 lb g. When the feed 
pump is driven by an electric motor or by 
a condensing turbine, the gain is about 
75 per cent of maximum. The gain with 
a reheat cycle is less than with the usual 
superheat cycle primarily because the non- 
bleeding efficiency, used as the basis for 
evaluating gain, is higher with reheat and 
this reduces the possibilities for further 
gain. 

To take full advantage of this source of 
gain it is necessary to install a larger num- 
ber of feed heaters and the additional 
heaters are heavier and more expensive. 
This increases cost and weight of the plant 
somewhat, but not as much as might be 
expected because the addition of heat- 
transfer surface in the feed heater reduces 
the amount of surface needed elsewhere, 
i.e., in the boiler, economizer or condenser. 
However, the larger range of feed heating 
associated with high pressures makes it 
economically justifiable to install more 
elaborate equipment. 

In calculating the maximum gain ob- 
tainable by regenerative feed heating it is 
assumed that the feed is heated from the 
saturation temperature corresponding to 
condenser vacuum up to saturation tem- 
perature corresponding to boiler pressure 
in an infinite number of bleeder feed heat- 
ers. The actual temperature rise is less 
than this and also a comparatively small 
finite number of heaters must be used, both 
of which conditions reduce the gain. 
Condensate from the main condenser is 
usually discharged through air ejector con- 
densers and is heated therein. This re- 
duces the temperature rise in the feed 
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Fig. 5—Reduction of oil consumption due to regenerative feed heating 


heaters at the lower end. A high-pressure 
boiler usually incorporates economizers; 
therefore, the maximum temperature to 
which the feedwater can be heated is lower 
than in the ideal case and this restricts the 
temperature rise at the upper end. These 
reductions of feed temperature rise dimin- 
ish the amount of steam that can be bled 
for feed heating and thereby diminish the 
gain that can be obtained. This accounts 
for about one-quarter of the discrepancy 
between maximum gain possible and that 
actually obtained. The remainder is 
accounted for as follows: 

If steam-driven feed pumps (or any 
other steam-driven auxiliaries) are used, 
their exhaust is available for feed heating. 
This reduces the amount of bleeding neces- 
sary and thereby reduces the gain due to 
feed heating. The reduction is usually 
smaller with normal pressure and therefore 
a small loss is incurred with high pressure. 

In the ideal case it is assumed that the 
feed leaving any heater is at the tempera- 
ture corresponding to the pressure of the 
bleeder steam supplied to that heater. In 
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an actual installation the water outlet 
temperatures must be lower than the 
bleeder steam to provide temperature dif- 
ferences to transfer the heat when surface 
heaters are used. This introduces a loss 
because it reduces the amount of steam 
which can be bled. This constitutes a loss 
for high pressures as there are usually more 
heaters. 

Some bleeder pressures in an actual in- 
stallation are set by conditions other than 
feed heating. Wherever possible bleeders 
are taken from receiver pipes whose pres- 
sures are usually fixed to give proper 
division of work between the turbine 
casings to favor the reduction-gear design. 
One of the feed heaters takes the auxiliary 
exhaust in addition to bled steam and the 
pressure in this heater is usually set at 
about 10 lb g to favor the auxiliaries. In 
these cases the division of total tempera- 
ture rise between several heaters is not the 
optimum and this introduces a loss which 
is negligible in most cases. 


MotstTurReE Loss IN TURBINE 


One of the most important losses in a 
turbine is that due to moisture formed in 
the low-pressure section. As steam ex- 
pands through a condensing turbine oper- 
ating with steam initially superheated, it 
gradually loses its superheat and about 
half-way through the turbine begins to 
condense. In a turbine operating at 
425 psi, 740 F, 28'/.-in. vacuum, this 
moisture becomes about 12 per cent of the 
total steam flow by the time the last stage 
is passed. Thus the efficiency of any stage 
of the turbine is reduced about 1.15 per 
cent for each per cent of moisture theo- 
retically present at that stage. For a con- 
ventional turbine with standard steam 
conditions the moisture loss amounts to 
about 3'/, per cent. In addition to loss of 
economy, moisture particles tend to erode 
the blades badly unless special precautions 
are taken. 

The portion of a multi-stage turbine 
which operates in the moisture region is 
subject to another loss. Each stage util- 
izes a portion of the energy available to it 
as useful work and the remainder is fed 
back into the steam flow by friction and 
eddies. This feed back raises the tem- 
perature of the steam exhausted from 
that stage and increases the energy avail- 
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able to the succeeding stages. However, 
only a part of this energy which is fed back 
into the steam can be utilized by the suc- 
ceeding stages because the frictional proc- 
ess has reduced its level of availability. 
Therefore, the internal efficiency of the 
multi-stage turbine is actually larger than 
the efficiency of its individual stages be- 
cause the losses of the early stages are 
partially regained in later stages. When 
this overall gain is evaluated, it is found 
to be many times greater in the super- 
heated range than in the moist range, the 
difference being due to different thermo- 
dynamic actions of superheated and moist 
steam. Both of these moisture effects re- 
duce the efficiency of the part of the tur- 
bine that operates in the wet region. 
Table 1 gives the moisture in the steam 
exhausting from the low-pressure end of 


TABLE 1 
Initial Initial Reheat Moisture 
Pressure, Temp., Temp., in Exhaust 
Psi F F % 
425 740 None 11.4 
1425 740 None 16.7 
1425 940 None 12.6 
1425 740 570 3.3 


turbines with various steam conditions, 
taken from Fig. 9. It is generally con- 
sidered that moisture of the steam leaving 
the last row of turbine blading should not 
exceed about 12 per cent. If this is mate- 
rially exceeded, loss of efficiency becomes 
excessive and mechanical difficulties due 
to erosion of the last rows of blading be- 
come intolerable. 

It will be noted from Table 1 that stand- 
ard steam conditions of 425 psi 740 F give 
acceptable moisture at the turbine exhaust, 
that is 11.4 per cent. However, if 1425 
psi were used with the same temperature, 
the moisture would be 16.7 per cent, which 
is far beyond the permissible limit. This 
puts a smaller portion of the turbine in 
the superheated range and increases that 
part which operates with moist steam. 

By using 940 F initial temperature in- 
stead of 740 F, moisture can be reduced to 
an acceptable amount, 12.6 percent. This 
shows why high temperature is frequently 
associated with high pressure. Alterna- 
tively, the steam may be reheated after 
passing part way through the turbine to 
reduce the exhaust moisture. Mechanical 
separation and removal of the moisture 
helps some, perhaps to the extent of re- 
moving 25 per cent of the water, but it is 
probably impossible to remove all of it 
by this means. 


TURBINE PARASITIC LOSSES 


Volumetric flow through the inlet sec- 
tion of a high-pressure turbine is much 
less than through the corresponding part 
of a standard-pressure turbine. This is 
primarily due to the greater density of 
high-pressure steam and secondarily to re- 
duced weight flow caused by the reduction 
in water rate. Steam velocities through 
the blades at the inlet end of a high-pres- 
sure turbine are kept the same as in a 
standard-pressure turbine in order to use 
the same blade speeds and the same ratio 
of blade speed to steam speed (upon which 
blade efficiency depends). Therefore, 
the areas for steam flow through the blade 
passages are much smaller in high-pres- 
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sure turbines. In a well-balanced design 
this reduction of area is accomplished by 
reducing both the mean diameter of the 
blade annulus and blade height. 

Consider steam flow through the blading 
and clearances occupying a unit length 
of the periphery of the rotor. The useful 
work done is proportional to flow through 
the blade passage proper and this is pro- 
portional to blade height. The work lost 
is proportional to flow through the small 
clearances at the blade tips, diaphragm 
packings, balancing dummies, glands, 
etc., and these are proportional to clear- 
ances. Then the loss of efficiency is pro- 
portional to the ratio of clearance to blade 
height. 

In small turbines that are used at the 
inlet end of a propulsion unit the close 
clearances have already been reduced to 
the minimum practicable and are approxi- 
mately the same for high-pressure and 
standard-pressure turbines. However, 
the blade heights of the high-pressure 
turbines are less and therefore leakage 
losses are relatively larger. 

This loss is confined only to the inlet 
section; that is, to the high-pressure tur- 
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The effect of these parasitic losses is to 
reduce the gain due to high pressure that 
is indicated by the ideal cycle. In making 
the calculations for the actual cycles, due 
allowance has been made for these losses 
as described later. 

After selecting the best turbine design 
for each power, keeping the pressure the 
same, it will be found that the parasitic 
losses in low-power turbines are greater 
than in large units. Therefore, losses 
due to high pressure become exaggerated 
in low-power installations and the gain in 
economy is greatly reduced. For this 
reason high pressure is less advantageous 
in low-power installations and this tends 
to limit the pressure which is appropriate 
for each power. Furthermore, the high- 
pressure unit will cost more than one de- 
signed for standard steam conditions. 
This increased cost can be justified in a 
high-power ship where the fuel bill is large, 
but might not be economical in a low- 
power vessel. 


FEED Pump Loss 


The power required to drive the feed 
pump in a high-pressure installation is 
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Fig. 6—Feed pump loss 


bine of a three-casing unit. The inter- 
mediate-pressure and low-pressure tur- 
bines are similar to the high-pressure and 
low-pressure casings, respectively, of a 
normal-pressure unit. Therefore, only 
about one-third of the turbine is affected 
by increased clearance loss. This loss re- 
heats steam leaving the high-pressure 
turbine and some of the lost energy is re- 
covered in the intermediate- and low- 
pressure turbines. 

Rotation losses also are greater when 
high pressures are used due to increased 
density of the steam at the inlet end. To 
minimize this loss the turbine is usually 
operated at higher revolutions per minute 
than a normal-pressure turbine. This 
permits use of smaller wheel diameters, 
keeping the blade speed and number of 
rows the same. Since rotation loss varies 
as blade speed cubed, multiplied by di- 
ameter squared, the smaller diameter high- 
speed turbine has less rotation loss. How- 
ever, adoption of high revolutions in- 
creases the gear and bearing loss so that a 
proper balance has to be struck to obtain 
minimum total loss. When the field has 
been explored and the final design fixed, 
it will be found that the sum of rotation 
loss and gear and bearing loss will be 
greater in a high-pressure unit. 


greater and this increases the fuel con- 
sumption. The feed pumps may be of the 
turbine-driven centrifugal type in which 
case exhaust steam is used in a feed heater 
at about 10 lb g. Alternatively they may 
be of the electric motor-driven positive- 
displacement type obtaining power from 
the auxiliary turbine-generator. As the 
latter exhausts to a condenser it is more 
efficient than the back-pressure turbine 
used with the centrifugal pump. How- 
ever, its exhaust steam is not available 
for feed heating and this reduces the ap- 
parent gain due to its higher efficiency. 
Fig. 6 shows the variation of feed 
pump loss with pressure, using both of 
these schemes. The net feed pump loss 
depends principally upon feed pressure, 
water rate of the auxiliary drive turbine, 
efficiency of the pump and the bleeder re- 
placement factor for the main turbine 
extraction point serving the heater to 
which the auxiliary drive turbine exhausts 
Representative values of all the variables 
involved have been selected to calculate 
the losses shown on Fig. 6 and these have 
been varied systematically to take proper 
account of the effect of pressure. It will 
be noted that the loss in going from 425 
psi pressure to 1500 psi is only about 
2 per cent, using a steam-driven centri- 
fugal pump, or 1!/, per cent with a motor- 
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driven displacement-type pump. If the 
steam supply to the auxiliary turbine- 
generator is bled from the main unit the 
loss with the electric-drive feed pump is re- 
duced somewhat and this would give a 
reduction of oil consumption of about 
1/, per cent at 1500 psi. 

In the comparison of cycles given be- 
low, steam-driven centrifugal pumps have 
been adopted throughout. Pumps of the 
multi-stage type (8 to 16 stages) have been 
selected to obtain high efficiency. They 
operate at speeds of the order of 6000 rpm 
which permit fairly efficient driving tur- 
bines to be used. This combination has 
been selected primarily because the centrif- 
ugal pump is inherently more trouble free 
than a reciprocating unit. Furthermore, 
the use of motor-driven feed pumps would 
increase the size of the electrical installa- 
tion in most cases and would complicate 
the feed control system somewhat. It is 
believed that the additional cost, weight, 
complication and upkeep of the motor- 
driven reciprocating pump is not justified 
by the negligible gain that it gives, i.e., 


nozzle passage area is less, so the boundary 
surfaces producing the viscous loss de- 
crease as pressure is increased. There- 
fore, viscous loss is less with high pressure. 
Since one component remains constant 
and the other decreases, the total loss in 
the nozzles decreases at high pressures. 
Blade passages behave in a similar man- 
ner. This improves the efficiency of the 
high-pressure portion of the turbine only, 
as the intermediate- and low-pressure sec- 
tions operate with about the same pres- 
sures as a normal turbine. This gain is 
of the order of 1 per cent on the oil rate. 


MISCELLANEOUS EFFECTS 


In some ships having comparatively 
large electric loads at sea, it is desirable 
to operate the auxiliary generator on steam 
bled from the main turbine instead of on 
boiler pressure steam. This is particularly 
desirable on low-powered vessels where 
the turbine-generators are small because 
the inlet end of such a turbine operating 
with high pressure is inefficient due to ex- 
cessive parasitic losses. The inlet end of 
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Fig. 7—Initial temperature to give 12 per cent exhaust 
moisture 


about '/, per cent. If high pressure is 
used for low powers the reciprocating 
pump would give a larger gain in economy 
because turbine-driven centrifugal feed 
pumps are relatively less efficient in small 
sizes. 


Gain DvE TO TURBINE 
Nozz_LeE EFFICIENCY 


Turbine nozzles operating at high pres- 
sures are more efficient than at low. Losses 
in a nozzle are of two kinds, viscous and 
turbulent. Viscous losses are due to fric- 
tion between the moving fluid and bound- 
ary surfaces of the nozzle passages. 
Turbulent losses are due to eddies formed 
at discontinuities in the nozzle shape. 
Most of these eddies are formed in way 
of the trailing edge which must have a 
finite thickness for mechanical strength. 

For geometrically similar nozzle shapes 
the turbulent losses are substantially 
independent of pressure since both the 
eddy losses and the useful energy are pro- 
portional to density. The viscosity of 
steam is approximately independent of 
pressure and therefore the viscous loss 
per unit of surface is independent of 
pressure, the velocities remaining the 
same. With high pressures the required 
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the main turbine is more efficient because 
the parasitic losses are smaller due to 
greater blade heights, etc. Therefore, if 
steam is first utilized in the high-pressure 
section of the main turbine and then bled 
out for use in a moderate-pressure turbine- 
generator set of normal design the overall 
plant efficiency will be increased. Of 
course, this turbine must be built to oper- 
ate on boiler pressure also to take care of 
low power and port operation and this 
complicates the governor somewhat. 

The minor propulsion auxiliaries of a 
high-pressure installation are generally 
smaller because the quantity of fluid being 
handled is less but gain due to this may 
be considered negligible. 

Where reheaters are used a loss is in- 
curred due to the pressure drop through 
the reheater which may amount to as 
much as 1 per cent and this loss is included 
in the efficiency calculations in this paper. 


Cycles Permitting the Use of High Pressure 


In general, there are two methods of 
preventing the formation of excessive 
moisture in the low-pressure end of the 
turbine when using high-pressure steam. 
The conventional straight-through cycle 


may be used if the initial temperature is 
raised to limit outlet moisture to an ac- 
ceptable amount. Fig. 7 shows the initial 
temperature required to limit the exhaust 
moisture to 12 per cent for various initial 
pressures. 

The second means of limiting exhaust 
moisture is to reheat the steam after it has 
passed part way through the turbine. 
With this scheme, initial temperatures 
as low as 740 may be used with 1425 psi, 
and 840 F with 2500 psi. Reheating may 
be accomplished either in the boiler, using 
hot gases as the heating medium, or in 
separate reheaters using boiler-pressure 
steam. Two-stage reheating, may be ad- 
vantageous in some cases. 

Higher efficiencies are obtained by com- 
bining the two basic methods, high tem- 
perature and reheat. The largest gain is 
obtained by using the highest permissible 
initial temperature and by using a gas-type 
reheater which heats the steam to this same 
temperature again after passing part way 
through the turbine. 


Problems Associated With Various Cycles 


Following is a discussion of the major 
problems associated with high pressure, 
high temperature, gas reheat and steam 
reheat. 


HIGH PRESSURE 


In general, the materials for a high- 
pressure installation using the standard 
steam temperature of 740 F can be the 
same as in a normal-pressure plant. The 
strength of parts must be increased to 
withstand the higher pressure but this 
can be done merely by using more material 
of the same kind. Of course, higher 
strength materials can be used to reduce 
thicknesses where desirable but generally 
this is not essential. The 1425-psi 740-F 
reheat cycles 6, 7 and 10 of Table 2 can 
be designed this way (see February issue). 

The boilers can be of the same type as 
are used for standard pressures but the 
thicknesses of the drums, tubes and fittings 
must be increased. Increased weight due 
to the greater thickness is largely offset 
by the reduced size of the boilers caused 
by the smaller amounts of fuel oil burned 
and of steam produced. More ample- 
external downcomers are provided to in- 
sure circulation in the high-pressure boiler 
and more attention is paid to moisture 
removal arrangements in the steam drum 
to insure delivery of dry steam to the 
superheaters. Careful attention must be 
paid to certain details such as handhole 
joints, methods of rolling tubes, etc., to 
prevent leakage. These problems are more 
difficult at high pressures because there 
is more thermal distortion due to the 
heavier cross-sections of material. Fur- 
thermore, a leak enlarges more rapidly due 
to erosion with high pressure and a com- 
paratively minor leak soon becomes a 
major problem. 

Air heaters are required in the last pass 
of the flue gases to obtain good boiler 
efficiency, i.c., 87 per cent. Water tem- 
perature in the generating tubes of the 
high-pressure boiler is higher than with 
standard pressures and therefore the 
temperature of the water leaving the 
economizer should be higher. Tempera- 
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ture entering the economizer is higher also 
in order to make full use of the gain due to 
regenerative feed heating. Hence, the 
average temperature of the economizer ina 
high-pressure boiler is higher, and there- 
fore it is incapable of cooling the flue 
gases to as low a temperature. 

Forced-circulation boilers may be used 
for high pressure but they are not neces- 
sary on merchant vessels and are inferior 
to natural-circulation boilers in important 
respects. Natural-circulation boilers have 
enough water and heat storage capacity 
to permit hand control in case the auto- 
matic combustion control fails. Forced- 
circulation boilers rely entirely upon auto- 
matic control or upon a circulating pump 
and if these fail the boiler may burn out. 
This is considered to be a sufficiently seri- 
ous handicap to prevent its use on mer- 
chant vessels where the gain in weight due 
to forced circulation is not important. 

There are no real problems associated 
with piping and valves for high pressure 
other than to provide enough strength in 
the pipe walls and the flanged joints. The 
pipes are smaller due to the increased den- 
sity of the steam and due to the reduced 
flow, but of course they are correspondingly 
thicker. Thermal stresses, end reactions 
and bending moments in the pipes are 
smaller due to the reduced diameters and 
this makes it easier to obtain a good run 
of piping in the ship with ample flexibility 
to take care of thermal expansion. There 
are several types of gaskets that are ade- 
quate for these high pressures but the 
author’s experience has been entirely 
with the octagonal ring type. 

The use of high pressure entails a bigger 
change in enthalpy in passing through 
the turbines and this requires more 
turbine stages to maintain normal steam 
speeds and blade speeds. Therefore, the 
turbine becomes longer and it is advisable 
in most cases to split it up into three 
casings instead of the usual two. How- 
ever, the diameters of the turbines are 
smaller due to the reduction in steam flow. 

In a cycle using 1425 psi 940 F and steam 
reheat the reduction is 25 per cent at the 
inlet end and 30 per cent at the exhaust. 
At the inlet end the diameter is reduced 
even more than is indicated by the flow 
because the steam is more dense and re- 
* quires less area for its passage. Reduction 
of weight due to the smaller diameters 
more than offsets the effect of increased 
length so the total weight is less than a 
normal-pressure turbine and the cost is 
about the same. 

A three-casing turbine is used for pres- 
sures of 1425 psi and higher, but a two- 
casing unit would be satisfactory for 900 
psiand below. The intermediate-pressure 
turbine is similar to the high-pressure 
unit of a normal-pressure set because the 
inlet and outlet steam conditions are 
about the same, but it is smaller due to 
smaller steam flow. Similarly, the general 
design of the low-pressure turbine for a 
high-pressure installation is the same as 
for normal pressures but it is smaller due 
to reduced steam flow. 

Most of the design problems are asso- 
ciated with the high-pressure turbine 
which is generally similar to that of a 
normal-pressure set except that it is 
smaller and the parts are relatively 
heavier. In order to minimize the para- 
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sitic losses, which are most prominent in 
the high-pressure turbine, it is smaller 
in diameter and operates at about 50 per 
cent higher speed. The length is also 
reduced in about the same proportion 
because the number of stages required is 
less, due to the use of three casings. The 
strength of the horizontal joint bolting 
must be increased to take care of the in- 
creased pressure. This becomes a prob- 
lem of getting enough bolts in the joint 
and requires much ingenuity to solve. 

Partial steam admission to the first 
stage is usually adopted to obtain good 
economy at low powers. The first row of 
blades on the rotor must be specially de- 
signed to withstand the fluctuating load 
imposed on them as they pass in and out of 
the active jet. In this situation the blad- 
ing is subjected to severe fatigue stresses. 
As mentioned previously, the blade heights 
at the inlet end are short and therefore 
suitable detail must be developed to pre- 
vent excessive leakage in this part of the 
turbine. Similar refinement of detail must 
be accomplished in the glands and balanc- 
ing dummies. 


40 


86 


80 


KEY 

45 1-740°TT, GAS RH 
2-940°TT, GAS RH 
3-740°TT, 1 STM RH 
4-740°TT, 29TH RH 
5 -940°TT, ISTM aH 


FUEL RATE- LOS OF CIL PER SHP-HR 


CASH LINE INDICATES 
° °° ° 
° eo 0° 
. eo of 


40 





1000 





one stage of steam reheat. However, 
this gain is partially offset by the addi- 
tional feed heater necessary to obtain the 
full gain due to feed heating with high 
pressure and also by the reheater if fitted. 


HIGH TEMPERATURE 


The general engineering problems asso- 
ciated with high temperature are well 
known and are principally due to the 
reduced strength of steel at high tem- 
peratures, to creep properties of steel and 
to increased thermal expansion. 

Creep can be kept within acceptable 
limits either by reducing the working 
stresses or by using materials having better 
creep properties. Carbon steel can be 
used up to 840 F provided enough material 
is used to keep the stresses low but above 
this it is not suitable because the increased 
thicknesses required would be prohibitive. 
At temperatures in the vicinity of 940 F 
the use of better materials such as carbon- 
molybdenum steel is the only practicable 
scheme. 

The thermal expansions are as much as 
25 per cent greater with higher tempera- 
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Fig. 8—Overall oil consumption 


The reduction gears tend to be larger due 
to the higher revolutions of the high- 
pressure turbine which necessitates a 
larger reduction ratio. However, the use 
of three turbine casings spreads the power 
over three pinions and this reduces gear 
size as compared to the conventional tur- 
bine which usually has only two. 

The feed pump and its driving turbine 
should be of the most efficient type ob- 
tainable, consistent with good reliability, 
because feed pump power becomes an im- 
portant loss with high pressures. This 
subject has been discussed more fully in 
the section entitled ‘Feed Pump Loss.” 
The turbine-generator design deserves 
special consideration with high pressures 
also, but this consists principally in re- 
finement of detail and use of higher rota- 
tional speeds, that is, 10,000 rpm or higher. 

The main condenser for a high-pressure 
plant is about 15 to 25 per cent smaller 
than with normal pressures due to re- 
duced steam flow, but it is otherwise the 
same. Reduction in condenser size varies 
with the cycle adopted, being about 20 
per cent for a 1425-psi 940-F plant with 


ture steam, and equipment must be de- 
signed with this in view. The principal 
effect is on steam piping which must in- 
corporate more adequate provision for 
expansion. This is usually obtained by 
providing longer expansion loops or by 
other means of rendering the pipe line more 
flexible. Consideration must be given to 
increased expansion in the detailed de- 
sign of equipment, but this usually in- 
volves no serious sacrifices. 

Flanged bolted joints in piping and 
valves constitute a difficult problem in 
connection with high temperature, par- 
ticularly when used with high pressure. 
These joints become bulky even when the 
best materials are used and therefore are 
subject to severe thermal stresses when 
the temperature is changed suddenly as 
may happen during maneuvering. Such 
thermal stresses tend to deform the joint 
and cause leaks. For this reason the num- 
ber of such joints is reduced to a minimum 
by butt-welding wherever possible. Pipe 
sizes are the same as with low tempera- 
ture because the reduced flow due to better 
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turbine water rate is offset by the increased 
specific volume of steam at high tempera- 
ture. 

All welding of major steam and feed- 
water piping should be done in the shop 
under controlled conditions where down 
welding may be used as much as possible, 
for pre-heating the welds, for stress relief 
annealing and for radiograph inspection. 

However, there must be some flanged 
joints in the system to permit overhaul 
andrepairs. For example, the main steam 
connection to the high-pressure turbine 
must be flanged to permit lifting the casing 
for inspection or overhaul. ‘A flanged 
joint is also necessary on the main steam 
strainer cover to permit cleaning. It is 
believed that the valve bonnets should 
be removable, although some central 
stations have welded these. In addition 
there must be a certain minimum number 
of joints in the pipe itself to break it down 
into lengths that can be handled in the 
ship. 

The generating surface and pressure 
parts of a boiler designed for high-temper- 
ature steam remain substantially the same 
as present practice but the superheater 
is very different. High-temperature ma- 





becomes more serious with high tem- 
perature because the strength of the ma- 
terial is halved for approximately 75 deg 
rise of temperature at 940 F. 

There are many types of superheat 
control, the best of which are: 


1. Separately fired integral super- 
heater. 

2. Damper control. 

3. Two-pass superheater with desuper- 
heat between passes. 


The separately fired integral superheater 
has been used extensively at sea but it 
makes the boiler design and operation 
more complicated than a conventional 
integral superheater boiler. 

Boilers having damper control for 
superheat are used in some shore plants 
but not to any extent at sea. 

A sufficient degree of superheat control 
can be obtained by dividing the usual 
integral superheater into two sections 
and placing a desuperheater between 
them. The desuperheater is fitted with 
a combined bypass and shutoff valve ar- 
ranged so that there is no flow through 
the desuperheater when the full superheat 
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Fig. 9—Moisture at turbine exhaust 


terials must be used extensively and some 
type of superheater control must be used 
if temperatures as high as 940 F are 
adopted. Only a comparatively narrow 
range of control is necessary, as its prin- 
cipal purpose is to prevent excessive steam 
temperatures while getting underway and 
during maneuvering. 

When a ship gets underway the boiler 
load is built up very rapidly to about two- 
thirds of full power. For the first hour or 
two much more oil is burned than is re- 
quired to produce the steam being de- 
livered because the material of the boiler, 
particularly the furnace brickwork, must 
be heated up to full operating tempera- 
ture. During this soaking process an 
abnormally large quantity of flue gas at 
higher than normal temperature passes 
over the superheater and this increases 
the superheat by as much as 50 deg. In 
addition, it is often the practice of the 
boiler operators to use a large amount of 
excess air when leaving port or maneuver- 
ing to prevent smoking and this increases 
the superheat. It is not abnormal for 
the superheat to go up 50 to 75 deg above 
normal when getting underway or maneu- 
vering, and at a design temperature of 740 
F this is not serious. However, this effect 
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is needed. However, when a lower tem- 
perature is wanted a part of the flow from 
the first pass of the superheater passes 
through the desuperheater, is cooled sub- 
stantially to saturation temperature in it 
and then mixes with the remainder of the 
flow from the first pass before entering 
the second pass of the superheater. This 
reduces the temperature entering the 
second pass and therefore reduces the final 
temperature also. 

This scheme involves two complica- 
tions to the boiler. First a desuperheater 
of some kind must be fitted, and one of 
the coil type installed in the main steam 
drum is probably the best for this pur- 
pose; this may require a larger steam 
drum. Also, additional piping and a suit- 
able mixing bypass valve to connect the 
two passes of the superheater with the 
desuperheater must be provided. The de- 
sign complications involved in this scheme 
are very much less than with a separately 
fired integral superheater. The operation 
is simpler. The engineer cannot make any 
serious mistake as this type of superheat 
control is merely a means of modifying the 
temperature but not controlling it over its 
full range. 

The turbines differ from conventional 


design principally with regard to materials 
which must have better high temperature 
and creep properties. The use of high 
temperature also makes it desirable to 
keep the turbines as small as possible and 
this leads to adoption of higher revolutions 
per minute. 

When a high-temperature gas-reheat 
cycle such as No. 12 of Table 2! is used, 
the temperature problems are multiplied 
because so much more of the equipment 
is subject to high temperature. In addi- 
tion to the main steam system and the 
high-pressure turbine, the reheater, the 
reheater outlet piping and the inter- 
mediate-pressure turbine operate at high 
temperatures with this cycle. Their 
working pressure is lower, about 300 psi 
and this relieves the situation somewhat, 
but their larger physical dimensions offset 
this to a large extent. The provision of 
sufficient flexibility to take care of the 
thermal expansion of the reheater piping 
requires more length of piping than does 
the main steam, due to the larger di- 
ameter. Likewise, the design of the inter- 
mediate-pressure turbine must be more 
carefully scrutinized for the effects of ex- 
pansion due to its larger size. 

Much has been said about the problem 
of astern operation with high temperature 
but in the author’s opinion this has been 
overstressed. It is true that with the old 
type slow-speed turbines the use of high 
temperature steam in the astern turbine 
might have given trouble due to distor- 
tion. However, turbines that are suitable 
for ahead operation with high tempera- 
ture and pressure are sufficiently rugged 
to withstand astern operation with these 
same steam conditions. The principal 
heating effect in these turbines is due to 
their own rotation loss which is abnor- 
mally large in a turbine running under no- 
load astern. This heat accumulates in the 
turbine material and gradually increases 
its temperature until the heat losses equal 
the heat generated by windage. These 
turbines may be operated at full power 
astern for several hours before the tem- 
peratures become dangerous. 

The temperature of the steam entering 
the low-pressure turbine when running 
ahead is about 500 F for some of the best 
high-pressure cycles. Although this tem- 
perature is not high by present standards, 
it will produce relatively large thermal 
expansions in the low-pressure turbine 
because this turbine is large in diameter 
due to the low density of the steam passing 
through it. Therefore the low-pressure 
design must receive special consideration 
to minimize the ill effects of thermal ex- 
pansion. This can be accomplished best 
by using as short a turbine as possible 
and by making the casing stiff and sym- 
metrical. High-speed three-casing tur- 
bines lend themselves very well to ac- 
complishing this result. Such a low- 
pressure turbine is better able to with- 
stand the effects of the high-temperature 
steam leaving the astern turbine than are 
the older conventional turbines. 

Ample blading should be used in the 
astern turbine to obtain good efficiency, 
primarily to reduce the temperature of the 


1 This Table is included in the second part of 
the paper, to appear in the February issue. 
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exhaust steam as much as is feasible. For 
the first minute of a backing maneuver, 
while the turbine is stopping and picking 
up speed astern, its efficiency is very low 
and therefore the exhaust steam tempera- 
ture is only slightly lower than the inlet 
steam due to the throttling effect. How- 
ever, as the turbine picks up speed astern 
it becomes more efficient and extracts more 
heat from the steam, thus lowering the 
exhaust temperature. 

When steam at 1425 psi and 940 F is sup- 
plied to the astern turbine, the tempera- 
ture of steam leaving the astern blading 
will be 840 F momentarily during the re- 
versal, but will level off at 350 F for con- 
tinuous operation. The transient tem- 
perature during reversal is 150 F higher 
than in a normal-pressure turbine but, 
as this peak does not last long enough to 
have any important influence on the dis- 
tortion of the turbine, it may be ignored. 
Temperature for continuous operation 
astern is more important because it lasts 
long enough to heat the turbine casing 
and rotor and possibly cause distortion. 
However, the exhaust temperature of an 
astern turbine using 1425 psi 940 F steam 
is only 50 deg higher than with normal 
steam conditions during continuous opera- 
tion. This small difference will have only 
a negligible effect which is more than 
offset by the improvements in the low- 
pressure turbine. Therefore no trouble 
will result from the use of high-tempera- 
ture high-pressure steam in the astern 
turbine. If superheat control is fitted it 





can be brought into operation to reduce 
the inlet temperature when running astern 
for a long time and this will be helpful. 
In fact, the most serious heating effect in 
the low-pressure turbine while running 
astern is due to the windage of the idle 
ahead blading rotating contrary to its 
normal direction. This effect is far more 
important than the small increase in ex- 
haust temperature due to higher inlet 
conditions and it is substantially the same 
for all turbines regardless of the initial 
steam conditions. 

Auxiliary turbine-generator and feed- 
pump turbines are practically unchanged 
by use of high temperature except that 
better materials must be used. The size 
of the main condenser will be reduced due 
to the smaller steam flow. 


Gas REHEAT 


Reheat cycles differ from conventional 
superheated steam cycles in that the 
steam is removed from the turbine at a 
point in its expansion before much mois- 
ture has formed, is resuperheated to a 
higher temperature at this reduced pres- 
sure in a special reheater and then com- 
pletes its expansion through the low- 
pressure elements of the turbine. Steam 
leaving the high-pressure turbine may be 
reheated either by hot flue gases in the 
boiler or by live steam at full boiler pres- 
sure and temperature in a separate heat 
exchanger. Both methods have been 
applied in land and marine plants. With 
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a gas reheater the steam can be reheated 
to the initial temperature but with a steam 
reheater it cannot go any higher than the 
saturation temperature corresponding to 
the boiler drum pressure. 

A separate furnace built integral with 
the steam-generating boiler and provided 
with oil burners may be used to provide 
hot gases for the reheating elements. With 
this arrangement an automatic device 
must be installed to shut off the oil supply 
to the reheater furnace when steam flow 
through the reheater stops. Otherwise 
the reheater may be burned out when the 
ahead throttle is closed suddenly during 
maneuvering or in a crash stop. This 
automatic shutoff may be very simple, 
consisting of a pressure-operated switch 
connected in such a way that it responds 
to pressure drop through the reheater 
and set to close the oil valve when the 
pressure drop is reduced to about 10 per 
cent of normal. 

It would be desirable to incorporate the 
reheater elements in the gas path of the 
main boiler at a point of appropriate tem- 
perature in much the same way that the 
conventional superheater is _ installed. 
This type is used in shore plants where 
practically all of the steam supplied by the 
boiler passes through the reheater at all 
times. With this arrangement the ratio 
of the reheater steam flow to the main 
steam flow from the boiler must not be 
appreciably less than its full power value 
or the reheater will overheat. Therefore, 
an integral reheater of this kind is not 
feasible for a marine geared-turbine instal- 
lation because there would be no flow 
through it while running astern and it 
would burn out. 

In an electric-drive ship the same tur- 
bine is used for both ahead and astern 
operation and it is kept running con- 
tinuously during maneuvering so there 
is always some flow through the reheater. 
It might be expected that an integral re- 
heater could be used here due to its ap- 
parent similarity to a land station but 
such is not the case. During standby and 
port conditions the boilers must be capable 
of operating with a very small flow through 
the reheater sufficient only to idle the 
turbine at no load, while supplying a rela- 
tively large quantity of superheated steam 
to the auxiliaries. In this case also the 
reheater would overheat and therefore the 
elements must be arranged so that the hot 
flue gases produced while standing by do 
not flow over the reheater. Therefore, 
the reheater cannot be placed in the main 
gas path with either electric or geared 
drives of the usual types. On a high- 
powered electric-drive ship a separate 
boiler plant of normal design may be used 
to supply steam for the auxiliaries and 
ship’s services. Then the main boilers, 
which serve the main engines only, can 
have integral superheaters and reheaters 
which are placed permanently in the main 
gas path. 

It might be possible to provide movable 
baffles in the gas path, interlocked with 
the throttles in such a way that gases 
would be permitted to flow over the re- 
heater when running ahead and diverted 
away from it when stopped or running 
astern, but this arrangement is too com- 
plicated and is considered impracticable. 
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It has been suggested that the reheater 
tubes be protected by placing them inside 
the superheater tubes. In this case the 
heat is first transferred from the flue 
gases to the high-pressure steam flowing 
in the annulus between the tubes and then 
some of the heat is passed to the reheater 
steam flowing through the inner tube. 
The reheated steam cannot be any hotter 
than the superheated steam, regardless of 
the quantity flowing, but a separately 
fired superheater furnace would be neces- 
sary to control the superheat. A similar 
effect may be obtained by using external 
heat transfer equipment instead of double 
tubes. The external reheater would utilize, 
as the heating agent, boiler pressure steam 
superheated to the maximum permissible 
temperature and would remove only the 
sensible heat; no condensation would take 
place. After leaving the reheater the 
high-pressure steam would be returned to 
a second superheater in the boiler before 
going to the high-pressure turbines. This 
scheme doubles the size of the superheater, 
adds one reheater to the conventional 
boiler and adds some piping. None of 
these schemes appear to be as good as the 
integral separately fired reheater. 

The only turbine affected by use of gas 
reheat is the intermediate pressure. 
Special attention must be paid to its de- 
sign to enable it to take large sudden 
fluctuations of steam temperature without 
excessive distortion. Such precautions are 
necessary because the reheater outlet 
temperature is variable at will and may 
change rapidly under some conditions of 
operation. A small high-speed rugged 
intermediate-pressure turbine with a 
symmetrical casing is desirable in this 
situation. 

When running astern all of the oil 
supplied to the boiler is burned in the 
steam generating side and none in the 
separate reheater furnace. Therefore, 
only about two-thirds of the normal full 
power oil consumption can be burned 
when running astern and even this quan- 
tity increases the loading on the furnace 50 
per cent above normal. Due to this boiler 
limitation it is necessary to incorporate a 
highly efficient astern turbine in order to 
develop enough backing and stopping 
power but this has not been a serious 
handicap. 

The piping from the high-pressure tur- 
bine exhaust to the reheater and from the 
reheater to the intermediate-pressure 
turbine is an addition necessitated by the 
gas reheat cycle. This must be large to 
reduce the pressure drop in the interests 
of high efficiency and ample provision must 
be made for thermal expansion. The 
boilers and turbines must be adjacent to 
make this scheme feasible, otherwise the 
reheater piping would become prohibitive. 
During certain maneuvering conditions 
the reheater may cool off and condensation 
will take place if the throttle is opened 
suddenly. Ample means must be provided 
to drain the moisture condensed at this 
time. 


STEAM REHEAT 


Steam reheat is advantageous from the 
point of view of maneuvering conditions. 
As reheater elements cannot become any 
hotter than the live steam supplied from 
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the superheater outlet, no provisions are 
required to protect the reheaters. When 
the ahead throttle is closed and steam flow 
through the reheater stops, there is no 
further condensation in the reheater shell 
and the supply of live steam under these 
conditions ceases also. 

A steam-reheat installation is less com- 
plicated than gas reheat for several rea- 
sons. In the first place, the reheater itself 
is comparatively small and simple and 
may be placed adjacent to the turbines. 
This eliminates many valves and shortens 
leads which greatly reduces the complica- 
tion due to reheater piping. Steam reheat 
also simplifies the boiler construction be- 
cause a conventional type without any 
additional complications may be installed. 
Operation of the steam reheat installation 
is a little easier and requires less expert 
supervision than gas reheat because it re- 
quires no manipulation during maneuver- 
ing and because it does not depend upon 
automatic controls for its protection as 
does gas reheat. No safety devices are 
required for steam reheat because the 
temperature is self-limiting. However, a 
drain pump must be provided in this 
case in order to obtain the maximum pos- 
sible efficiency. 

Pressure drop through the reheater 
must be kept as small as possible because 
a 10 per cent drop causes about 1 per cent 
loss of efficiency. The pressure drop 
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through a high-pressure steam reheater, 
operating at about 200 psi, is 3 per cent 
and for a low-pressure reheater, at about 
30 psi, is about 8 per cent. For a gas re- 
heater the pressure drop is about 15 per 
cent. Therefore, loss due to pressure 
drops through the reheaters is about 1 
per cent for steam reheat and 1!/, per cent 
for gas. This has been included in the 
cycle calculations. 


Actual Improvement Due to High Pressure 
and Temperature 


The oil consumption, overall plant 
efficiency and exhaust moisture have been 
calculated for various cycles and are 
plotted on Figs. 8 and 9. The oil con- 
sumption includes allowances for all 
losses associated with the machinery in- 
stallation of a typical cargo vessel or oil 
tanker in normal operation at sea. The 
basic assumptions given in the Appendix 
are based on performance estimates for 
actual vessels whose details have been 
fully developed and the quantities have 
been varied systematically to explore the 
full range of steam conditions. 


Continued in the February issue. The 
second part of the paper also contains an 
Appendix in which the method of calculat- 
ing the turbine condition curves and the per- 
formance af the actual cycles is given. 
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he necessity of large production for 

war is still with us, but the shadow 

of some of the problems of peace begins to 
make itself apparent. 

It may well be that democracy faces its 
most crucial test in the months and 
years ahead. These problems of recon- 
version from war to peace are in many re- 
spects more difficult than those we had 
to meet in moving from peace to war. 
Then the country was knit together by 
great emotional forces. Every impulse 
tended to keep us together in an effort to 
bring about the greatest production in the 
least possible time, and this was made 
easy because, broadly speaking, there was 
only one customer—Uncle Sam—with 
plenty of money, a need for almost any- 
thing which the country could make, 
ample labor, and materials with which to 
make it. 

Now that the Army is reasonably well 
equipped and is beginning to see more or 
less adequate reserves of material, some 
of its programs can be reduced; and since 
the period of acceleration of the war pro- 
duction program is pretty well over and 
we are able to run along at a more level 
rate, many of our raw materials are in 
sufficient supply that the atmosphere of 
urgency can be taken off their procure- 
ment. Remembering the days when one 
heard nothing but constant complaints of 
the shortage of aluminum, it is gratifying 
to see that the supply of aluminum now 
actually exceeds the current rate of war 
consumption. This is similarly true of 
copper and some of the other less publi- 
cized non-ferrous metals. We still cannot 
get steel in the form of plate and sheets at 
as large a rate as the military forces would 
like, but other forms of steel are available 
in larger quantities than military needs 
can absorb. While man-power is critical 
in many sections, there are spots here and 
there where the pressure has eased off sub- 
stantially, and more and more one finds 
plants not fully occupied with war work. 
That promises to be an acutely serious 
problem when Germany goes down. 

This raises the question as to what 
should be done with these surpluses. It 
seems easy to dispose of the matter by 
suggesting that when materials are avail- 
able, restrictions should be lifted and in- 
dustry should go back to the manufacture 
of its normal peacetime goods. But it 
must be remembered that all materials 
are not in easy supply; over the greater 
part of the country there is still no surplus 
of labor, and many components required 
for peace-time goods are still critically 
short. What plants are going to make 
these peacetime goods, is a question easy to 
ask but difficult to answer. 

For example, assume that the Army finds 
it can cut back part of its fuse program and 
is attempting to decide where that cut- 
back ought to take place. Fuses are made 
by every kind of manufacturer; some by 
washing machine manufacturers, some by 
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In these excerpts from an ad- 
dress by W. L. Bott, Vice-Chair- 
man of the War Production 
Board, before the Chicago As- 
sociation of Commerce on dan- 
uary 5, some of the problems 
of reconversion are touched 
upon and particular stress is 
laid on the problem of pay- 
ment for post-war exports. 
The suggestion is made that 
these be paid for in part, at 
least, by the importation of 
certain raw materials the sup- 
ply of which is rapidly being 
depleted in this country. It 
is pointed out further that in 
matters of foreign trade, in- 
dustry and our Government 
must work in close cooperation. 











automobile manufacturers, and so on. 
Some are in tight labor markets, and some 
may not be. A part of the production 
may come from plants financed wholly by 
government. It is not too difficult in 
such a situation to conclude that the part 
of fuse production which is in a tight labor 
market ought to be reduced. Some of the 
manufacturers of fuses may want to have 
their orders terminated, but it may be 
clear that some of them must continue at 
full speed ov their war work. In dealing 
with that question, the advice of industry 
can be had because the Services have or- 
ganized committees from industry to deal 
with their groups of components and 
there will be a group of fuse manufacturers 
whose advice can be had. 

But an important part of the considera- 
tion will be what those companies are to 
do that are freed from their fuse contracts. 
Some will have made all sorts of civilian 
items. One might be a washing-machine 
manufacturer in normal times; another 
sewing-machine, and so on. He would 
like to go back to making these things 
again, but obviously if he were stopped 
from making fuses, because labor was 
tight, he should not use scarce labor for 
civilian goods. His former washing- 
machine competitor may be in an easier 
labor market and the war effort not af- 
fected if he went back to making his old 
and much-needed peacetime article. Since 
materials may be available, he does not 
see why he shouldn’t. The question is 
therefore immediately raised of how many 
sewing machines should be permitted and 
who should make them. Granted that 
materials are free enough, shall Govern- 
ment go over the list of washing-machine 
manufacturers, arbitrarily picking out 
this man who hasn’t been doing a good 
war job, perhaps, or who may have com- 


pleted his fuse contract, and let him make 
washing: machines, while turning to the 
manufacturer who is engaged in the criti- 
cal aircraft program and say to him that 
he cannct be spared? I do not have to 
point out the critical consequences of such 
a decision. Labor also has a vital interest 
in these decisions because it is substan 
tially affected by them. 

And so 1944 promises a series of pro- 
foundly difficult problems aflecting the 
very heart of our economy. 

What has been said up to this point has 
to do with problems at home. I[ am 
equally concerned about our international 
economic relationsh'ps. Throughout our 
country’s history to the beginning of the 
last war, we did not need to concern our- 
selves too seriously about the rest of the 
world. Certainly, foreign trade was not 
a matter of very special concern, and those 
issues took care of themselves as they 
arose. Through the period of 20’s and 
30’s, however, the relationship of the 
economy of the United States to that of 
other countries took on new significance. 
Before 1914, we had been in debt to the 
rest of the world. After 1918, the world 
was in debt to us. 

One of the ways by which we hope to 
take up the shock of unemployment after 
this war is to make more goods to send 
abroad. We take it for granted that a sub- 
stantial part of Europe’s factories, her ma- 
chine tools, her power plants, her transpor- 
tation equipment, and so on, will have to be 
replaced because they have been destroyed. 
All of those things we shall be able to 
manufacture and of many of them we 
shall doubtless have a considerable sur- 
plus. An abundance of shipping is sure to 
be available. But there is a very real 
problem that lies at the heart of our inter- 
national trade relationships. It is one of 
the factors that had much to do with 
bringing this war about. Unless the peo- 
ple of the United States take a more real- 
istic view toward this problem in the fu- 
ture than they have in the past, it is likely 
to contribute mightily to another war. 
What I am referring to is the means by 
which the customer abroad is to pay for 
these goods which he wants to buy and 
we want to sell. 

Money and debt repayment have tra- 
ditionally been synonymous to the Ameri- 
can people. When the last war was over, 
most of us thought the debts of Europe 
could and should be as simply paid, if the 
debtor wanted to pay them; and as we 
were accustomed to paying off debts, we 
assumed these debts from abroad could be 
as readily paid off. And here is funda- 
mentally that serious misunderstanding 
which I am apprehensive may arise to 
haunt us again. 

What are the conditions which we shall 
face, once the urgency of war demand is 
over and civilian goods are available for 
purchase and sale to those countries 
abroad who shall so seriously need them? 
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The first assumption is that the foreign 
purchaser will want to pay. He may not 
like to be in debt any more than we do, 
but his is not a debt in his own country; 
to him, it is a foreign debt, and imme- 
diately a new question arises—in which 
kind of money will he pay? He may have 
enough rubles, or pounds, or francs, or 
guilders, but what we will want are Ameri- 
can dollars. Of course, if a foreign cus- 
tomer has been able to pay his debt in 
gold, we have been entirely satisfied, and 
we have allowed that method of payment 
to be carried to a point where most of the 
gold of the world is owned by the United 
States and a sizable block is buried at 
Fort Knox, Kentucky. It is likely that 
some of the desirable foreign purchasers, 
just like some of us whose credit is good 
but whose cash is low, will have or will be 
ready to produce goods and will want to 
offer those goods in payment for ours. 
Even if he has cash in hand, he may prefer 
to pay in goods because this will provide 
labor for his people. To be sure there are 
other means of payment such as services, 
shipping, insurance, and the like, but they 
are less important. 

We begin to ask ourselves what will 
happen to us when we receive goods from 
abroad. Some, quite understandably, are 
alarmed over what might happen from 
this competition. They become apprehen- 
sive about low wages, reduced standards of 
living, the possibility of honest American 
workmen being thrown out of their jobs, 
etc. These are very real considerations, 
and it is no satisfactory answer to brush 
these worries aside with the statement that 
they are not likely to happen anyway. 

But let me comment on another method 
of settling international debt with which 
we had a painful experience in the twen- 
ties. That was by letting that mouey due 
us in repayment of outstanding debts, 
stay abroad in the form of loans and in- 
vestments; in too many instances this 
was an expensive lesson. Many of our 
loans were unwisely made and had no 
chance of being paid off. Many of them 
had no provision for self-liquidation; on 
some the interest was so high that it 
couldn’t be met, and so our experience 
over that period with international loans 
generally left a bad taste in our mouths. 


Education Needed 


A first essential in developing a foreign 
policy will lie in a wider understanding 
among the American people, of the basic 
principles of international trade as con- 
trasted with trade at home. If that is cor- 
rect, it calls for a job of education. 

Our colleges should be encouraged to 
provide courses in the problems of distri- 
bution and particularly in foreign distri- 
bution. Thousands of students have had 
intensive training in the field of production 
of industrial goods and foodstuffs, and it 
was their good training as much as any- 
thing else which has been responsible for 
the phenomenal advance of the United 
States as a producing nation. While we 
have paid so much attention to the prob- 
lems of production, we have failed to keep 
pace in training people to understand and 
meet the problems of distribution. And 
so I suggest that one of the urgent calls, in 
order to enable us safely to carry our re- 
sponsibilities as a world nation, is for spe- 
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cial attention to the problems of distribu- 
tion. 


Government Assistance Essential 


Coupled with that is the need for intelli- 
gent and forceful assistance from govern- 
ment in handling foreign trade. Whatever 
may be one’s conviction as to the part 
which government should play in business 
at home, it seems inevitable that the course 
of development of foreign trade must 
lean substantially on assistance from agen- 
cies of government. Businessmen abroad, 
when they are trading with us, are likely 
to have the fullest possible assistance of 
their governments. It seems quite clear 
that unless American businessmen cooper- 
ate with and have the same support from 
their government, we shall be at a great 
disadvantage. That calls for the strongest 
possible organization in those agencies of 
the United States Government which have 
to do with foreign trade, and a desire 
on the part of business to work with 
them. 

With such a joint approach, it would 
seem advisable at the earliest possible 
time to undertake a broad program of 
studies of what European countries could 
buy from us but more particularly what 
we could buy from-them. The organiza- 
tion of the mechanics for implementing the 
recommendations which would follow, will 
take time and should be thought about 
now. 

The basic and underlying difficulty 
in connection with our foreign trade is that 
we have no enthusiasm about receiving 
goods from abroad. Obviously, the only 
other method of balancing our exports, if 
they are to be balanced, is to have our 
foreign customers, and that includes 
Canada, pay us in cash. I have empha- 
sized the inability of most of our foreign 
customers to pay in cash, and, even if they 
could, its uselessness to us merely as 
cash. If one accepts the principle of a 
balanced trade budget as essential, then 
he cannot get away from the need to bring 
in goods to balance the goods we ship out. 
We are not likely to be able or willing to 
bring in enough goods to offset the goods 
the rest of the world will want and that 
we will want toship. But there is another 
and novel means of approaching a balance 
in our foreign trade picture that seems to 
hold great promise. 

Traditionally, we have thought of our- 
selves as a people of great natural re- 
sources—as possessing unlimited quanti- 
ties of everything our economy needs such 
as iron and steel, zinc, and copper and 
soon. Generally speaking, that has been 
true. The American economy has been 
built on these large natural resources of 
more or less low-cost materials. It has 
not occurred to most of us that there 
could be an end to these resources, and the 
shocking point is that many of these re- 
sources are approaching an end. Indeed, 
some are now at that point. Our high- 
grade iron ore deposits in the Mesaba 
range have not many years left. Our 
high-grade zinc is practically gone. Our 
good copper deposits will be a thing of 
history in another 25 years. There is 
much argument about petroleum because 
of the unknown nature of possible reserves, 
but many authorities claim that our pe- 
troleum reserves are being severely 











strained and may well approach the scar- 
city range within this lifetime. We 
never had much high-grade bauxite, the 
familiar base for aluminum, and we have 
used up a good part of those limited re- 
serves in this emergency. The United 
States has no nickel and for practical pur- 
poses, no tin. Our wood resources have 
been wastefully used, and many of our 
large stands of timber are gone with little 
or no reforestation plans to provide re- 
placements for another generation. The 
United States is passing from a country of 
plenty to a country of scarcity in the field 
of metals and minerals and other critical 
supplies. It will be said, of course, that 
we have reserves of low-grade materials 
which we could fall back on, and to some 
extent we could, but at much higher cost 
and with great difficulties. Confronted 
by an emergency which taxed our re- 
sources of man-power and transportation 
we would not find ourselves in that happy 
position with which we have met this 
emergency, and there are several of these 
materials in which we would be defense- 
less. 

It is this line of reasoning which has 
made me so keenly interested in the pro- 
posal advanced by a few of our soundest 
thinkers in this field; that is, that we make 
every effort to import all of the critical 
materials which we can from abroad and 
use as little of our own precious remaining 
supplies. Accepting this national policy, 
we should say to foreign countries, still 
rich in natural resources, ‘‘We will ship 
you all of the manufactured articles which 
we have in surplus and which you want, 
provided you pay us in the raw materials 
of which you have an exportable supply. 
But we want those materials to be mate- 
rials which we can use in our own econ- 
omy.” That would, of course, sharply re- 
duce our emphasis on gold as a means of 
payment. We would then bring in as 
much gold as we needed to maintain our 
financial programs and only as much more 
as is needed to meet our limited industrial 
demands. 





Stocking Surplus Material 


It will, of course, be immediately said 
that this country could not absorb unduly 
large quantities of such raw materials; 
that the resulting surplus would so de- 
press American prices as to vitally affect 
our economy. This is a valid objection 
and must be met. It can be, by the deci- 
sion to sterilize or freeze the surpluses over 
and above our normal import needs, re- 
taining these materials in a stockpile not 
to be touched except in a case of national 
emergency. It might be desirable to term 
these excesses ‘“‘rational emergency stock- 
piles’ and to treat them in the same fash- 
ion as we would other weapons of national 
security. 

Now what would be the effect of this 
policy? We would certainly continue a 
limited production of our own natural re- 
sources, but that limit would be judged in 
the interest of national defense, and not in 
the interest of a community or a block. 
The important thing is that we would be 
replacing those resources which we had 
been exhausting and would be tending to 
bring the United States back to an econ- 
omy of abundance as distinct from an econ- 
omy of scarcity. 
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Maintaining Compressors at Peak 
Operating Capacity 


By BRUNO THIEL 
Cooper-Bessemer Corp. 


N VIEW of today’s shortages in re- 
placement parts, and with wartime 
requirements demanding that compressors 
be kept at peak operating capacity even 
when subjected to long periods of unin- 
terrupted service, it is important that 
plant maintenance engineers follow cer- 
tain fundamentals that apply to the care 
and maintenance of compressor units. 
The following suggestions are therefore 
summarized for the purpose of assuring 
the most efficient performance of large 
compressors regardless of the type of serv- 
ice they are rendering. 


LUBRICATION 


Minimum wear of moving parts can be 
assured by using the proper grade of lub- 
ricating oil. Too much cil, even of the 
best grade, will eventually gum up piston 
rings and cause them to stick in the 
grooves, thus reducing the capacity of 
the compressor due to piston ring leakage. 
Excessive wear on the cylinder walls may 
also result because the wire-drawing of the 
gases between the piston and cylinder wall 
will blow off the lubricating film and per- 
mit a metal-to-metal contact. The exces- 
sive oil will also collect on the discharge 
valves and will carbonize on the hot seats, 
permitting the valves to leak. Insuffi- 
cient lubrication will naturally cause wear 
on piston rings, piston and compressor 
cylinder. 

While there are no hard and set rules 
governing the lubrication of compressor 
cylinders, each operator should set up his 
own standard to apply to individual re- 
quirements, the basis of which depends 
upon the gas that is being compressed and 
the nature of the oil being used. For ex- 
ample, when gases containing gasoline 
vapor or a large percentage of the hydro- 
carbons are being compressed, a lubricant 
that is insoluble in the gas should be used. 
Such lubricant may be a soap solution, 
castor oil or a blend of castor and petro- 
leum oil. 

It is good practice to remove a cylinder 
head occasionally to check the condition 
of the cylinder wall and make sure the 
cylinder is receiving the proper amount of 
lubrication. 


VALVES 


All compressor valves, whether plate or 
poppet type, should be thoroughly over- 
hauled so that the valves will close tightly 
when installed in the cylinder body. A 
leaking valve soon heats the valve and its 
surrounding area to a temperature con- 
siderably higher than the operating tem- 
perature for which the unit was designed. 
Excessive heat thus generated will warp 
the plates of the plate valves, resulting in 
even greater leakage or, in case of a pop- 
pet-type valve, will cut and destroy the 
valve seat and face. 
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Piston RINGS 


Rings should be free in the ring grooves 
but should not have excessive play. Each 
ring should be fitted individually to the 
compressor cylinder bore so that expan- 
sion of the ring under normal heat will not 
butt the ends together and force the ring 
out against the cylinder wall to cause un- 
due wear. 


CooLiInc WATER 


Compressor cylinder jackets should be 
kept clean and free from scale. The 
water used to cool compressor cylinders 
should be of a composition that will pre- 
vent excessive scaling in the jackets at 
the normal operating temperature of the 
compressor. All foreign matter such as 
mud, grit and similar substances should be 
removed from the water before it is cir- 
culated through the compressor cylinder 
jackets. The amount of water, however, 
should be so regulated that the cylinder 
jacket and liner are not cooled to an ab- 
normally low temperature as this condi- 
tion will decrease the clearance between 
the hot compressor piston and the cylin- 
der wall, thus inducing a sticky piston. 
A temperature differential of about 20 
deg F should be maintained between the 
incoming and outcoming water. If the 
incoming water is too cold it should be 
corrected by bringing the temperature to 
at least 70 deg F. 


LOADING 


Under today’s conditions, when restric- 
tions hold up delivery of replacement parts 
or make them unobtainable in some in- 
stances, cylinders may occasionally have 
to be used for pressures exceeding those 
for which they were designed. In such 
cases, extreme care should be exercised 
to keep the working pressure at or below 


that stipulated by the manufacturer of the 
cylinder. If the cylinder is to be used for 
pressures other than those for which it was 
intended, it is good policy to consult the 
manufacturer for his opinion as based on 
the changed operating conditions. Such 
practice will avoid damage to either the 
compressor or the mechanism which drives 
it. 

COMPRESSION RATIOS 


Compression ratios should be kept as 
low as possible to prevent overheating 
compressor cylinders. While overheating 
may not always damage the compressor 
cylinder, it might result in a temperature 
higher than the flash point of the lubri- 
cating oil, in which case fires or explosions 
may occur, particularly in compressors 
operating on air. 

Overheated conditions also lead to ex- 
cessive carbon deposits in piston-ring 
grooves and valves. A high ratio of com- 
pression in a compressor built for a low 
compression ratio may also overload the 
piston rod and running gear. 


CLEANLINESS 


As with any fine piece of machinery, the 
compressor should not only be kept clean 
but the operator should take steps to be 
sure the gas being compressed is as clean 
as practicable. Gases containing dust or 
other abrasives will soon wear the com- 
pressor piston rods, rings and cylinder 
walls to such an extent that the compres- 
sor will require reboring and complete 
overhauling long before the normal time 
set for such operations. 


CORROSION 


If the gas to be compressed contains 
any of the corrosive gases such as hydro- 
gen sulfide, the manufacturer should be 
consulted for his opinion as to whether 
the compressor can be operated satisfac- 
torily for such service. Many times a few 
minor changes will render a standard 
compressor suitable for compressing high! v 
corrosive types of gases. f 

Careful attention to the foregoing simple 
but important details will help greatly to 
assure peak operating capacity of com- 
pressor installations with a minimum of 
maintenance time and cost. 
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NEW CATALOGS 


AND BULLETINS 


| Any of these publications will be sent on request 





A.S.T.M. Publications 


A brief description of the various publi- 
cations issued by the American Society for 
Testing Materials is given in a 24-page 
booklet recently received from this so- 
ciety. These publications include: Speci- 
fications, Tests, Proceedings, Symposiums, 
Indexes and Technical Publications. The 
year in which each publication was issued 
is indicated and also the price. 


List of A.S.A. Standards 


The American Standards Association 
announces the publication of its new List 
of Standards. There are more than 600 
standards listed, cf which 64 have beeu 
approved or revised since the last price 
list was printed (April 1943). The stand- 
ards cover specifications for materials, 
methods of tests, dimensions, definitions 
of technical terms, procedures, etc. This 
list represents the cumulative work of the 
past 25 years in practically every e1gineer- 
ing and industrial field. 

The complete list of American stand- 
ards should serve as valuable reference 


material to engineers, manufacturers, 
purchasing agents, etc. It will be sent 
free of charge to anyone interested in this 
work. Requests should be addressed to 
the American Standards Association, 29 
West 39th St. New York 18, N. Y. 


Feed Water Control 


The performance record of Copes Flow- 
matic Regulator (the steam-flow water- 
level feed water regulator) is summarized 
in a 4-page folder (Form No. 435) issued 
by Northern Equipment Company. The 
folder reviews the acceptance of the Flow- 
matic throughout many industries on vari- 
ous types and sizes of boilers. 


Flow Meter Engineering 


Cochrane Reprint No. 29, entitled 
“Flow Meter Engineering,” has just been 
published. This 16-page booklet is by 
Mr. William C. Bennett of Cochrane 
Corporation and tells why, when and 
where flowmeters and instruments are 
needed in the modern platn, and how they 
can be made to further the war effort. 








The reliability of IMO “lube” and fuel oil service pumps is typified 
by their trouble-free performance on a United States Destroyer 
reported to us by the Navy as having steamed over 84,000 miles 
on convoy duty during the past year, often cruising as much as 





28 days per month without time for normal upkeep and overhaul. 


Ask for Catalog I-115 
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of the De Laval Steam Turbine Company, Trenton 2, N. J. 











A considerable amount of basic metering 
data is covered, being arranged in two 
facing pages for convenient use. Two 
pages of drawings are devoted to details 


of proper installation methods. The re- 


print also includes helpful hints for keep- 
ing instruments out of the repair shop. 






Industrial Heat and Power 
Conservation Manual 


Published by the Industrial Mineral 
Wool Institute as a service to American 
Industry, the ‘Industrial Heat and Power 
Conservation Manual” provides simplified, 
practical methods for stretching fuel sup- 
plies. 

The Manual outlines a practical method 
of surveying and computing dollar savings 
in any plant and shows how the method 
works in an analysis of nine typical cases. 

A Heat Loss Estimate Sheet is given 
which can be removed for survey use in 
the plant. Time-saving graphs, tables, 
formulas and examples on the back of the 
Sheet make it possible for even the lay- 
man to work through a heat loss survey. 
Experienced engineers will appreciate the 
convenience of the form and charts and will 
find them helpful for insulation calcula- 
tions. 


Pumping Units 


“De Laval Pumping Units in Philadel 
phia,’”’ a 12-page bulletin issued by De 
Laval Steam Turbine Company, traces 
notable developments in the history of one 
of America’s oldest and largest water sys- 
tems. In addition to flow diagrams, 
showing interflow connections of Philadel- 
phia’s pumping plants and filtration sys- 
tems, the bulletin is abundantly illus- 
trated with interior and exterior views of 
the various pumping stations. 


Steam Turbines 


Bulletin H-14, a 4-page publication 
issued by the Elliott Company, describes 
Elliott AY and BY single-stage mechan- 
ical drive turbines with built-in reduction 
gears suitable for driven machine speeds 
up to approximately 2000 rpm. Pinion, 
gears, bearings, lubrication system, the 
variable speed governor and the turbine 
itself are described in detail. 


Variable Speed Control Units 


The Reeves Pulley Company has issued 
a new 128-page general catalog (G-435) 
which describes all Reeves variable 
speed control units—the Transmission, the 
Vari-Speed Motors Pully and the Moto- 
drive. This is the most comprehensive 
book published by Reeves and contains 
many specific examples, illustrations, re- 
vised dimension diagrams and engineering 
tables. Complete details are given on 
recent additions and improvements to the 
Reeves products, including the new 
Reducer-Type Transmission, the Vari- 
Speed Jr., and the improved Differential 
unit. The book is indexed and at- 
tractively furnished with dark brown 
covers and a plastic binder. 
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New Unit at Fisk Station 


To meet the growing demand of war 
production plants in the Chicago area, the 
Commonwealth Edison Company on De- 
cember 20 placed in service a 147,000-kw 
turbine-generator which brings the aggre- 
gate system net capacity to 2,254,000 kw, 
the peak load to date being 1,928,000 kw 
as registered on December 15. 

The new machine operates at 1890 rpm 
and is supplied with steam at 1300 psi by 
two 750,000-lb per hr pulverized-coal-fired 
boilers. 

Forty years ago Fisk Station ushered in 
a new era by being the first power plant to 
be designed entirely for steam-turbine op- 
eration. The new unit hes a capacity of 
nearly thirty times that of its 1903 prede- 
cessor. 





The photograph shows Charles Y. Free- 
man, Chairman of the Board, starting the 
unit with Edward J. Doyle, president of 
the Company, center, and vice-president 
H. B. Gear at the left. 


Personals 


J. R. Kruse has been appointed Chief 
Engineer of the Marine Department of 
Combustion Engineering in charge of 
execution of contracts together with de- 
velopment of design standards and will 
participate in development and research on 
marine equipment. After graduating from 
Georgia School of Technology he joined 
the Hedges-Walsh-Weidner Co. at Chat- 
tanooga and when that company was 
taken over by Combustion Engineering, 
was transferred to New York, later return- 
ing to Chattanooga in 1935 as chief engi- 
neer of the Hedges-Walsh-Weidner Divi- 
sion. He returned to New York two 
years later to head up the boiler division 
of the Engineering Department and in 
1941 was transferred to the Marine De- 
partment. 


W. H. Groundwater has been trans- 
ferred from the New York Office of Com- 
bustion Engineering Company to San 
Francisco to become Resident Marine En- 
gineer on the Pacific Coast. A graduate of 
the University of Illinois, Mr. Ground- 
water had been associated with several 
shipbuilding companies before joining 
Combustion Engineering. 
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l1—Works Boiler Plant 


By F. J. MATTHEWS 
181 pages Price $4.00 


This book is offered as a guide to the opera- 
tion and maintenance of the small ia- 
dustrial boiler plant. It will appeal to 
operators who are studying the subject 
and at the same time it should be of prac- 
tical value to any one engaged in boiler 
room engineering, assisting in correcting 
faults, tracing troubles, effecting econo- 
mies and other problems which arise in the 
daily operation of the plant. 

The book comprises ten concisely 
written chapters covering such topics as 
fuel, factors, heat-recovery auxiliaries, 
heat economies, boiler feedwater treat- 
ment, operation and maintenance topics 
and boiler-plant testing. 


2—Marine Engineering 
By J. M. LABERTON 


439 pages 6" /,. X O/, Price $4.00 
The current expanded program of both 
naval and merchant shipbuilding has been 
accompanied by an almost insatiable de- 
mand for engineering talent, and maiy 
engineers with mechanical and electrical 
schooling have been attracted to the 
marine field. These engineers generally 
find the applications of their talents 
familiar, but the new background is 
strange. To such, this volume will prove 
an easily understood handbook—a sort of 
“refresher.” 

Professor Laberton has written an 
excellent treatise to fill a widespread need. 
His presentation is concise and in language 
the practicing engineer will readily com- 
prehend and appreciate. The author’s 
intimate knowledge of his subject and of 
the needs of engineers is everywhere evi- 
dent throughout the book. The text is 
copiously illustrated and the selection of 
illustrations is excellent, indicating that 
much thought was given to this phase of 
the book. The cases worked out in detail 
for actual equipment selection and the data 
included in tables and charts will be found 
quite helpful. 


With chapters on Hull Design and Re- 
sistance, Propellers, Propulsion Shafting, 
Reduction Gears, Marine Fuels and Com- 
bustion, Boilers or Steam Generators, 
Turbines, Marine Pumps, Heat Exchang- 
ers, Forced Draft and Ductwork, Marine 
Electrical Engineering, Refrigeration, Feed 
Systems, Heat Balance, The Diesel Ship, 
Layout, Astern Operation, Electric Drive, 
Naval Vessels and Ship’s Trials, the field 
is covered thoroughly. The engineer 
newly come to the marine field should find 
the answers to many of his problems in this 
fine volume. 


3—Essential Mathematics for 
Skilled Workers 


By H. M. Kear anp C. J. LEONARD 


293 pages 47/5; X 8 Price $2.00 
This book is particularly suited to the 
needs of men of average education who 
wish to brush up on their mathematical 
knowledge and know how to use this 
knowledge in their work. It is a practical 
book for the industrial worker and gives a 
brief, clear-cut working knowledge of 
arithmetic, algebra, geometry, logarithms, 
numerical trigonometry and the slide rule, 
with constant reference to their use in 
various technical fields and trades. 


4—Mechanical Engineers’ 
Handbook 


(Fourth Edition) 


By LIonet S. MARKS 


2274 pages 5X7 Price $7.00 
Mechanical engineers will welcome the 
new 1941 Edition of this standard hand- 
book as eleven years have elapsed since 
the appearance of the previous edition and 
in the interim far-reaching advances have 
been made in many branches of mechani- 
cal engineering. The present volume rep- 
resents the work of more than 90 con- 
tributors, each a specialist in the particu- 
lar subjects covered, and many of the 
chapters have been completely rewritten, 
only basic material having been retained 
from the previous edition. 
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An up-to-the-minute Gasket Chart showing the 
cross-sections of 36 most popular Gasket Types, 
their purposes and the characteristics which fit 
them for the specific services intended, is now 
available to interested engineers. 


This chart has been issued as the third in a series 
of technical papers on Gaskets compiled by the 
Research Laboratory of the Goetze Gasket and 
Packing Company, Inc., oldest and largest manu- 
facturers of industrial gaskets in America. 


In requesting copies of this and succeeding is- 
sues of “The Gasket,” write the company on your 
business letterhead, mentioning your position. 


GOETZE GASKET & PACKING CO., Inc. 


18 ALLEN AVENUE, NEW BRUNSWICK, N.]J. 


V @’ (e GASKETS 


“America’s Oldest and Largest Industrial Gasket Manufacturer” 
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Cut Production Costs 


Modern industrial plants are saving 
thousands of fuel dollars each year 
through the correct application of 
CAREY Heat Insulations ... a com- 
Careyeel Insulations  Plete line of high efficiency insulating 
Wer tompecstures GD to materials of Asbestos and Magnesia 
. for every known service condition— 
for temperatures ranging from 


SUB-ZERO to 2500 F. 


Put your special problems up to Carey 
Engineers . .. their experience and 
Carey research facilities are available 
through branch offices covering the na- 
85% Magnesia tion. Write for book of interesting, 


For High and Medium technical data. 
Pressure. 


Combination Hi-Temp— HI-Temp Blocks—For Fur- Hair Felt Insulation 
85% Magnesie. naces, Ovens, Kilns, etc, For sub-zero. 





THE PHILIP CAREY MFG. COMPANY 


Dependable Products Since 1873 Lockland, CINCINNATI, OHIO 
In Canada: The Fhilip Carey Co., Ltd. Office and Factory: Lennoxville, P. Q. 
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